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The aim of this study was to investigate the oral health status of all new recruits and 
officer cadets entering the New Zealand Defence Force (NZDF) over a one-year 
period. The second aim was to investigate differences in their clinical status by 
sociodemographic characteristics, dental visiting patterns, and dental self-care habits. 
The third aim was to investigate the determinants of their Oral-Health-Related Quality 
of Life (OHRQoL). 
 
Methods 
A cross-sectional study was conducted of recruits entering the NZDF using data from 
their initial dental examination, posterior bitewing radiographs, orthopantomograph 
and a socio-dental questionnaire (including Oral Health Impact Profile–14 (OHIP-
14)). This data was used to calculate DMFS, DMFT, PSR, third molar eruption and 
impaction status, and OHRQoL scores. 
 
Results 
A total of 874 recruits took part, with an 83.1% participation rate. The majority of the 
recruits (80.2%) were male, and one in five were Māori. Most of the recruits (88.3%) 
were aged between 17 and 25 years old. The majority of recruits were in the Army 
(60.1%), followed by the Navy (28.1%) and the Air Force (11.8%). Two-thirds of 
recruits reported being routine dental users (visits for check-ups). Over 90% of all the 
recruits had accessed the State-funded dental care between the ages of 13–18 years. 
The prevalence of smoking was low at just over one in 20. Three-quarters of recruits 
brushed their teeth at least twice a day, and just over one in five were regular flossers. 
 
Overall, it was found that the oral health of the recruits and officer cadets was 
acceptable, but a quarter of all recruits had one or more tooth surfaces with untreated 
dental caries, and two-thirds had calculus present. Only 30.2% of recruits had no 
dental caries experience, however, the prevalence of periodontal pocketing was low, 
at 3.0%. The dental caries data presented in this study shows evidence of the effect of 
sociodemographic characteristics such as sex, age, ethnicity, and education have on 
dental caries experience in NZDF recruits. In particular, dental caries experience 
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showed a clear and consistent pattern whereby it was lowest among the youngest 
group, and greatest in the oldest recruits.  
 
In this study, nearly 90% of recruits had one or more third molars, and nearly 60% 
had at least one third molar that was unerupted or partially erupted and impacted. Of 
the mandibular third molars nearly half were unerupted or partially erupted and 
impacted. The most common type of impaction in mandibular third molars was 
mesioangular (27.4%), followed by vertical (10.3%), horizontal (9.2%) and then 
distoangular (1.2%). 
 
The recruits’ mean OHIP-14 score was 7.4 and 18.0% of recruits reported that their 
oral condition had negatively impacted them in some way “fairly often” or “very 
often” in the last 12 months, thereby affecting their OHRQoL. Mean OHIP-14 scores 
were higher for those with greater dental caries experience (especially those with 
untreated decay or missing teeth due to decay), and older recruits. After controlling 
for confounders in a negative binomial regression model, OHIP-14 scores were higher 
for Māori, those who had visited a dental professional in the last two years, and those 
with untreated decayed teeth, and lowest for those who were routine dental users.  
 
Conclusions 
This study is valuable because it reports clinical findings combined with self-reported 
factors on a sample of young adults from diverse SES and geographical backgrounds 
in New Zealand. Overall, the oral health of NZDF recruits was acceptable and had 
vastly better DMFT scores than the 1950s, but a quarter required restorative work and 
two-thirds needed periodontal treatment. Potential problematic third molars were 
common necessitating careful assessment (and possible removal) of third molars prior 
to any operational deployment. Those with poorer oral health status had worse 
OHRQoL. The findings of this NZDF study reinforce that there are dental caries 
concerns for young adults in New Zealand. Future similar surveys would be able to 
use this data to compare a wide range of oral health indicators. It will help the NZDF 
for its future health service planning, to evaluate changes over time, and to monitor 
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To date, there is limited knowledge of the oral health status of recruits and officer 
cadets entering the New Zealand Defence Force (NZDF). No current or consistently 
recorded baseline oral health data on the oral health of recruits and officer cadets have 
been recorded or reported on. Doing so will identify the dental needs of NZDF 
recruits and officer cadets and better allow for service and workforce planning. It will 
provide a good baseline so that future data collections can show differences or trends 
in the oral health of recruits and officer cadets over time; it will also enable 
investigation of the effects of dental health care received before recruitment. 
 
Oral health is more than just the absence of disease; it has been defined by Locker 
(2001) as “a standard of the oral tissues which contributes to the overall physical, 
psychological and social well-being by enabling individuals to eat, communicate and 
socialise without discomfort, embarrassment or distress and which enables them to 
fully participate in their chosen social roles.” Good oral health is therefore integral for 
good overall health and well-being. Poor oral health can have a substantial effect on 
an individual’s quality of life, and should be taken into consideration when assessing 
oral health status (Durham et al., 2013; Gerritsen et al., 2010; Lawrence et al., 2008). 
 
Good oral health and ‘dental fitness’ among defence force personnel is particularly 
important especially when deployed operationally. While on deployment access to 
dental care will be limited and medical evacuation due to dental causes will impact on 
resources and the unit. Dental emergencies are one of the major non-combat-related 
causes for withdrawal from duty (Mahoney and Coombs, 2000; Mahoney, 2008). The 
most common dental casualties while on deployment arise from maxillofacial/oral 
surgery problems, dental disease problems, and endodontic issues (Mahoney and 
Coombs, 2000; Richardson, 2005; Simecek et al., 2014).  
 
The NZDF provides dental care and advice to its personnel at no cost to them so that 
they are dentally prepared for operations. The rationale for this is to help minimise the 
dental casualty rate while on deployment and contribute to operational effectiveness 
and mission success. The NZDF assesses the suitability of personnel for deployment 
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based on the four NATO Standard of Dental Fitness Categories. The four categories 
are: (1) fully dental fit; (2) dental treatment is required but the condition is not 
expected to cause a problem within the next year; (3) treatment is required and the 
condition is expected to cause a problem within the next year; (4) dental examination 
is overdue (NATO Standardization Office, 2017). It is the NZDF goal to have around 
90% of its uniformed personnel in classes 1 or 2 and ‘dentally fit’ for deployment. 
 
Oral diseases are some of the most prevalent chronic diseases globally and in New 
Zealand (Marcenes et al., 2013). These oral diseases are largely preventable and can 
be very expensive to treat (Petersen, 2003). Dental caries was once thought of as a 
disease of childhood and adolescence, with the theory that if dental caries can be 
prevented early in life, it will then reduce the burden of dental caries in all age groups. 
However, the Dunedin Multidisciplinary Health and Development Study (DMHDS) 
played a crucial role in understanding the natural history of dental caries. The cohort 
study’s unique longitudinal dental data clearly showed that dental caries continues as 
a disease of adulthood and that the rates of dental caries over time remain constant 
through adolescence and into adulthood (Broadbent et al., 2013). The understanding 
of dental caries progressing during adulthood was further supported by an 
international study of four developed countries (England, United States of America, 
Japan, and Sweden) with well-organised prevention programs in childhood. This 
study still found large increases in the Decayed Missing Filled Teeth (DMFT) index 
as people got older and highlighted the need to focus on prevention programmes that 
reduce dental caries in the whole population (Bernabé and Sheiham, 2014).  
 
Young adulthood (ages approximately 18–26 years) is a period of transition from 
adolescence to adulthood; it is an important developmental epoch in its own right 
(IOM and NRC, 2015). It is a time of maturation and changes, such as from 
dependence to independence, with transitions in living arrangements, and in role, 
from student to worker. Transition into adulthood has been described as a critical 
period in health. Health can worsen during young adulthood and determine the 
trajectories into adulthood, which can have consequences for future health (Harris et 
al., 2006). Young adults are important for the country’s workforce and defence force 
services, but are rarely considered as a distinct age group; instead they are often 
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grouped with either adolescents or adults in health and oral health care (IOM and 
NRC, 2015).  
 
The oral health of young New Zealand adults has been neither well documented nor 
studied. In New Zealand, routine dental care is State-funded until the age of 18 years; 
however, not much is known about the oral health of these young adults once they are 
no longer eligible for this scheme. Good oral health habits that may previously have 
been parentally monitored (such as diet, oral hygiene, and dental visiting) may well 
lapse during this time.  
 
The aims of this study were: 
1. To investigate the oral health status of all new recruits and officer cadets 
entering the NZDF by using data from their initial clinical examination and 
dental radiographs; 
2. To investigate differences in their clinical status by sociodemographic 
characteristics, dental visiting patterns, dental self-care habits; and  





2. Literature Review 
 
This review begins with an overview of the literature on NZDF recruits, followed by 
recruits internationally over time. It then discusses the issues of young adults’ oral 
health and previous research done on this age group in New Zealand. A description of 
socioeconomic status and its measurement, and clinical indices relevant to this study 
follows. Finally, the review includes a discussion of OHRQoL measures, with 
particular attention to the Oral Health Impact Profile (OHIP). 
 
2.1. Oral Health Status of NZDF Personnel 
There have been limited articles published in the literature relating to the oral health 
status of NZDF personnel and recruits. The first survey on World War 1 recruits from 
1914–1918 found that nearly one-third were rejected as medically unfit due to the 
state of their dentition, as reported by Brooking (1980) in his book on the history of 
New Zealand dentistry. Broadbent et al. (2016) conducted retrospective survey of 
archived personnel files from 640 randomly selected male recruits who served 
between 1914-1918. They found that approximately one in seven recruits were 
reported to have poor oral health, and that as the war progressed it appeared that the 
criteria was relaxed to be able to accept more recruits into service. By ethnicity, it was 
found that Māori had the best oral health, followed by Samoan and Pākehā, which is 
in contrast with the oral health inequalities found nearly 100 years later in the 2009 
NZOHS, when Māori were found to have poorer oral health than non-Māori (Ministry 
of Health, 2010a). 
 
Other early articles (Davies, 1953; Davies, 1959), report on a series of three surveys 
of compulsory military training recruits; unfortunately, the second survey was never 
published. The surveys reported high levels of dental caries, missing teeth and 
edentulism in young recruits. The first study, of 597 new recruits aged 18–21 years 
examined in October 1952, showed that 18% had a denture of some type and 43 
recruits were edentulous. The mean DMFT was 18.4, comprising 5.7 decayed teeth, 
7.0 missing teeth and 5.7 filled teeth. This study was used to support the extension of 
the State Dental Benefits scheme of the time, which ceased at the age of 15 years 
(Davies, 1953). The third study, of 410 new recruits aged 18–21 years examined in 
 5 
June 1958, found that the proportion of denture wearers had reduced to 10%. Dental 
caries experience remained high, with a mean DMFT of 18.7, but there had been a 
reduction in the missing teeth component to 3.9 and an increase in the filled teeth 
component to 8.3 (Davies, 1959). 
 
More recently, Logan et al (2009a) reported on a retrospective study using electronic 
clinical data from 2000 randomly selected serving personnel and 2380 new recruits 
over the two-year period January 2004 to January 2006. They found that among 
serving personnel, 88% had a full complement of natural teeth, with 52% of erupted 
teeth being sound. In recruits, 90% had the full complement of natural teeth, with 
72% of those teeth reported as sound. Of the serving personnel group, 10% had teeth 
identified with caries-related restorative need. The average number of missing teeth 
(including third molars) in serving personnel was 3.5; this was lowest in the 20–24 
age group at 2.5 teeth, and highest on the oldest age group (50+ years), at 4.9 teeth. 
Among the new recruits, the average number of missing teeth (including third molars) 
was 1.4, with 0.8 of that attributed to third molars. 
 
A subsequent paper by Logan et al. (2009b) described the dental treatment delivered 
to those personnel and recruits in the year following the collection of the baseline 
data. Of the 2380 recruits studied, 82% had dental treatment in the first year, with an 
average of 3.6 treatments per recruit. The most common treatment was restorations, at 
58% of treatment items delivered, followed by prevention and hygiene services (25%) 
and extraction (10%). 
 
A retrospective cohort study by Bates et al. (2004) used NZDF dental records from 
between 1977 and 1997 to investigate the health effects of dental amalgam exposure. 
Although this research is not directly relevant to the current study, it does show how 
the NZDF population - with its accurate dental records and radiographs - can be used 
for medical and dental research. 
 
2.2. Oral Health Status of Recruits Internationally 
The Defence Force organisations provide a unique environment to collect data and 
investigate oral health, due to (a) the equal access for personnel, and (b) accurate 
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record keeping. Over the years, defence force personnel in many countries have been 
studied. That oral health research has focused on various clinical, behavioural, and 
health services research topics. Some examples of clinical topics studied are 
periodontal disease (Newcomb, 1975; Röthlisberger et al., 2007), dental caries 
(Morgan et al., 1992; Hopcraft and Morgan, 2003a), fluoride exposure and effects of 
dental caries experience (Hopcraft and Morgan, 2003b; Hopcraft and Morgan, 2005; 
Hopcraft and Morgan, 2006; Mahoney et al., 2008; Hopcraft et al., 2009; Menghini et 
al., 2010; Kamppi et al., 2013; Tanner et al., 2013), oral mucosal health (Morger et 
al., 2010), malocclusion (Ingervall et al., 1998), halitosis (Bornstein et al., 2009), 
amalgam toxicity (Bates et al., 2004), dental trauma (Antikainen et al., 2017), 
mouthguards for prevention of orofacial injuries (dela Cruz et al., 2008), dental 
anxiety (Samorodnitzky and Levin, 2005), smoking (Preber et al., 1980; Kelbauskas 
et al., 2005; Zajc et al., 2011; Badel et al., 2014; Tanner et al., 2014; Tanner et al., 
2015), hypodontia (Lynham, 1990), and third molars (Rajasuo et al., 1993). Some 
examples of oral health behaviour and health service research topics are consumption 
of snacks and dental caries (Tanner et al., 2020), toothbrushing frequency (Sonoda et 
al., 2017), oral health behaviours (Chisick et al., 1996; Levin and Shenkman, 2004; 
Samorodnitzky and Levin, 2005; Buunk-Werkhoven et al., 2009), access and 
utilisation of dental care (Crocombe et al., 2013), OHRQoL (Crocombe and 
Mahoney, 2016), and the development of a self-report dental health status 
questionnaire (Levin et al., 2013). 
 
A number of overseas studies have reported on the oral health status of their new 
recruits. A summary of these is presented in Table 1. To be in Table 1, the study had 
to have been published in the last 20 years and have used similar clinical measures to 
those in the current study.  
 
The Australian Army conducted studies on their new recruits in 1996, 2002–2003, 
and 2008. These showed a decline in dental caries experience between 1996 to 2002–
2003, but then an increase from 2002–2003 to 2008 in the 17–25 age group (Hopcraft 
and Morgan, 2003a; Hopcraft and Morgan, 2005; Hopcraft et al., 2009). 
 
In several countries, national service is compulsory for young men. This means that 
each age cohort forms a cross-section of the entire male population of the country and 
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provides an opportunity to investigate the effects of health care received before its 
conscription. Finland has compulsory military training for young adult males and has 
done surveys of its new recruits in 1919, 1965, 1976, 1981, 1986, 1991 and 2011, 
with mean DMFT estimates of 5.2, 13.9, 15.8, 14.5, 11.2, 7.3 and 4.1 respectively. It 
is important to note that the 2011 survey did not include third molars unlike the 
previous surveys, but despite this it does show a trend of improving dental caries 
experience since the 1970s (Ankkuriniemi and Ainamo, 1997; Tanner et al., 2013).  
 
Sweden also has compulsory military training for young adult males, as well as State-
funded dental care until 18 years old. It conducted surveys on its young male recruits 
in 1970, 1974, 1985, 1996, and 2006. The last three surveys (1985, 1996, and 2006) 
noted a dental caries decline, with a mean DMFT of 9.7, 8.5, and 3.1, respectively. 
The caries-free proportion also increased, from 15.6% in 1996 to 27.9% in 2006 
(Menghini et al., 2010). Periodontal conditions were measured using the plaque index, 
gingival index, and the pocket probing depth in the last three surveys. While an 
improvement was observed between the years 1885 and 1996, a slight deterioration 
was observed between 1996 and 2006 (Röthlisberger et al., 2007). 
 
Israel has compulsory military service for both males and females, making Israel’s 
studies of recruit’s representative of healthy young adults in Israel, and its surveys 
show trends in dental caries over many decades. From the first survey in 1956, there 
was a trend of increasing dental caries experience that peaked in 1985, with a mean 
DMFT of 8.7 and only 1.8% of the recruits caries-free. Further surveys from the 
1990s to the most recent one in 2011 have shown a dental caries decline, with the 
most recent survey showing a DMFT of 3.7 and 28.8% of the recruits caries-free 
(Sgan-Cohen et al., 2000; Levin and Shenkman, 2004; Levin et al., 2013). 
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Table 1. Overview of studies published within the last 20 years on the oral health status of new recruits. 
Country Investigators Sample details Year studied Key Findings 
     
Australia Hopcraft and 
Morgan (2003a) 
499 Army recruits 
72% male 
1996 Mean DMFT by age group:  
17–20 – 3.6 
21–25 – 4.6 
26–30 – 7.1 
31–36 – 9.0 
Percentage caries-free – 15.2 
Participants with a lifetime exposure to fluoridated water 
had significantly lower DMFT 
Participants from the highest SES group had lower mean 
DMFT scores than those of low SES groups 
 
Australia Hopcraft and 
Morgan (2005) 
973 Army recruits 
88% male 
2002–2003 Mean DMFT by age group:  
17–20 – 2.4 
21–25 – 3.4 
26–30 – 5.5 
31–35 – 7.0 
36–51 – 10.8 
Showed a decline in dental caries from the 1996 study 
 
Australia Hopcraft et al. 
(2009) 
1084 Army recruits 
90% male 
2008 Mean DMFT by age group:  
17–20 – 3.2 
21–25 – 4.1 
26–30 – 5.2 
31–35 – 7.1 
Dental caries experience increased for ages 17–25 years 




Elmer et al. (2011) 432 recruits from 3 
services 
Median age 20 years 




2010 Mean DT Army – 2.6 
Mean DT Navy – 1.9 
Mean DT Air Force – 1.3 
United States 
of America 
Moss (2011) 1,929 Army recruits 
Representative 
sample of 171,348 
Army recruits 
No age range given 
 
2007–2008 Mean number of restorations needed was 3.7 
Percentage requiring no restorations was 39.6% 
PSR index - 10% had a worst score of 3 or 4 
Israela Levin and Shenkman 
(2004) 
123 Army recruits 




Mean DMFT – 6.8 
Mean DT – 2.7 
Mean MT – 0.0 
Mean FT – 4.1 
Mean DMFS – 11.0 
Percentage caries-free – 13.0 
 
Israela Samorodnitzky and 
Levin (2005) 
393 Army recruits 
Age range 18–24 
84% male 
 
2005 Mean DMFT – 6.2 
Mean DT – 2.1 
Mean FT – 3.9 
Israela Levin et al. (2013) 460 Army recruits Not specified 
2011? 
Mean DMFT – 3.7 
Mean DT – 1.6 
Mean MT – 0.0 
Mean FT – 2.1 
Percentage caries-free – 28.8 
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Turkeyb Ceylan et al. (2004) 2766 Army recruits 
All aged 20 years 
All male 
 
2000 Mean DMFT – 6.0 
Mean DT – 4.8 
Mean MT – 0.9 
Mean FT – 0.3 
Percentage caries-free – 3.4 
High DMFT scores strongly associated with high self-
reported sugar consumption in tea 
 
Finlandb Tanner et al. (2013) 13819 recruits 




2011 Mean DMFT – 4.1 
Mean DT – 1.4 
Mean MT – 0.0 
Mean FT – 2.7 
Percentage caries-free – 21.3 
Percentage requiring restorative treatment – 45.1 
Since study 15 years previously, the authors reported 
stagnation in improvement of dental caries experience in 
young and healthy male population despite dental care 
being free to all under 18 years of age. 
 
Swedenb Menghini et al. 
(2010); 
Röthlisberger et al. 
(2007) 
626 Army recruits 
Age range 18–24  
All male 
2006 Mean DMFT – 3.1 
Percentage caries-free – 27.9 
Percentage with one or more pockets with probing depth 
≥ 5mm – 3.8 
 
 
Croatiab Badel et al. (2014) 505 Army recruits 
All aged 19 years 
All male 
2001 Mean DMFT – 7.3 
Mean DT – 3.2 
Mean MT – 1.3 
Mean FT – 2.9 
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Croatiab Skec et al. (2006) 650 Army recruits 





Mean DT – 5.8 
Mean MT – 2.2 
Percentage with gingivitis – 57 
Percentage with plaque – 93 
Percentage with mobile teeth – 0.6 
     
aCountries with compulsory military service for males and females 




2.3. Oral Health Status of Young Adults in New Zealand 
The age of 18 years is a critical time in the dental care of New Zealanders, when they 
transition out of a State-funded adolescent oral health scheme to a private user-pays 
model. However, little is known about the ultilisation of dental services and the oral 
health status of young adults after they leave this State-funded scheme because it has 
had very little research attention. This gap in knowledge is due to the difficulty in 
examining representative samples of this age group. The limited data available on this 
age group comes from cross-sectional national surveys and the longitudinal Dunedin 
Multidisciplinary Health and Development Study (DMHDS), but there are no data 
from the last decade. There is a need in New Zealand for more current information, 
especially on dental caries and periodontal disease experience in young adults. 
 
The first New Zealand national oral health survey was in 1976. It is known as the 
Survey of Adult Oral Health and Attitudes to Dentistry in New Zealand (SAOH). It 
found that adolescents emerged from the State-funded dental system with relatively 
uniform oral health but appeared to diverge when in their 20s (Cutress et al., 1979). In 
1976, the mean DMFT in the 15–19 age group was 13.4, while it was 17.0 in the 20–
24 age group. This first oral health survey identified socioeconomic and ethnic 
inequalities in oral health. In the 20–24 age group, the mean number of missing teeth 
due to caries was 0.1 in the highest SES group, whereas it was 3.5 in the lowest one. 
Periodontal status was recorded using the Periodontal Index (Russell, 1967), and in 
the 20–24 age group, 1.2% were healthy (score 0), 96.7% had gingivitis (scores 1 and 
2), and 2.2% had periodontal disease (scores 6–8). Care does need to be taken with 
interpreting the periodontal data in this survey due to limitations of the Periodontal 
Index, which does not use periodontal probing. The use of a periodontal probe is 
essential for measuring periodontal pockets (Cutress et al., 1986). 
 
The second New Zealand national oral health survey was the 1988 World Health 
Organization Study of Oral Health Outcomes (SOHO). It surveyed the four key age 
groups of 12–13 years, 20–24 years, 35–44 years, and 65–74 years (Hunter et al., 
1992). Overall, the study noted large improvements in oral health over 1976, with a 
mean DMFT of 9.8 in the 20–24 age group, considerably lower than the 17.0 
observed 12 years earlier. The newly developed Community Periodontal Index of 
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Treatment Needs (CPITN) was used for measuring periodontal disease and found that, 
among the 20–24-year-olds, 21% were healthy, 3% had bleeding, 63% had calculus, 
14% had shallow pockets, and none had deep pockets. 
 
Although over 10 years old now, the 2009 New Zealand Oral Health Survey (2009 
NZOHS; Ministry of Health, 2010a) is the most recent national oral health survey (of 
the general population, at least). There were 4906 participants (aged 2+ years) who 
completed a questionnaire and 3196 of these underwent a dental examination. Of the 
dentally examined 3196, only small numbers were young adults: 168 were aged  
18–24 years, and 364 were aged 25–34 years. 
 
The 2009 NZOHS (Ministry of Health, 2010a) found that the overall oral health of 
New Zealanders had improved in the last 20–30 years, but poorer oral health and 
lower dental attendance rates were found among men, younger adults (aged 25–34 
years), Māori, Pacific people and people living in areas of high deprivation. Over the 
three New Zealand national oral health surveys, the mean DMFT score in young 
adults aged 20–24 years decreased from 17.2 (in 1976), to 9.7 (in 1988), and then to 
4.1 (in 2009; Ministry of Health, 2010a). 
 
The 2009 NZOHS (Ministry of Health, 2010a) found concerning levels of dental 
disease in young adults aged 25–34 years old, with nearly one in two having untreated 
coronal decay; this was the highest rate observed in any age group in the study. The 
prevalence of having one or more teeth missing due to pathology was higher among 
25–34-year-olds (34.7%) than among 18–24-year-olds (8.8%). One in four adults 
aged 18–24 years had a caries-free permanent dentition. Cost was identified as a key 
barrier to access to dental care in young adults. Table 2 summarises the 2009 NZOHS 




Table 2. Overview of 2009 NZOHS data pertaining to the young adult age groups 
(Ministry of Health, 2010a). 





aged 18 years and 
over  
(95% CI) 
Clinical outcomes    
Prevalence 1 or more 
missing teeth due to 
pathology  (%) 
  8.8 34.7 61.8 (59.4-64.3) 
Prevalence untreated decay 
on one or more teeth (%) 
31.5 46.5 35.3 (32.5-38.2) 
Mean number of sound 
teeth  
25.1 23.1 16.5 (16.2-16.8) 
Mean number of teeth 
missing due to pathology 
  0.3 (0.1-0.8)   0.9 (0.7-1.2)   4.6 (4.3-4.9) 
Mean number of teeth with 
untreated decay  
  0.8 (0.5-1.2)   1.3 (0.9-1.7)   0.8 (0.7-0.9) 
Mean number of filled teeth  
 
  2.7 (1.9-3.8)   4.6 (3.9-5.3)   8.5 (8.1-8.8) 
Mean DMFT score 
 
  3.7 (2.8-4.7)   6.8 (6.0-7.6) 13.9 (13.5-14.2) 
Prevalence caries-free (%)b 
 
22.7   
Prevalence periodontal 
pockets 4mm or more (%) 
20.7 (12.9-30.4) 33.1 (25.7-40.4) 33.5 (30.7-36.3) 
Prevalence attachment loss 
4mm or more (%) 
17.9 (10.7-27.2) 35.3 (26.3-44.3) 49.9 (47.0-52.7) 
Patient reported outcome 
measures 
   
Prevalence toothbrushing at 
least twice a day (%) 
62.8 64.1 65.3 (62.9-67.7) 
Prevalence visiting a dental 
professional in the last 12 
months (%) 
36.9 44.6 47.1 (44.5-49.7) 
Prevalence of usual reason 
for visiting being a check-
up (%) 
47.2 34.5 38.9 (36.5-41.3) 
Prevalence of avoiding care 
in the last 12 months due 
to cost  (%) 
52.3 61.7 44.1 (41.8-46.5) 
Global question (Locker, 
2001). Prevalence of 
those reporting “fair” or 
“poor” oral health in the 
last 12 months  (%) 
22.2 31.2 26.6 (24.5-28.8) 
OHIP-14. Prevalence of 1 
or more impacts of 
“often” or “ very often” in 
the last 12 months (%) 
15.6 16.1 15.6 (13.8-17.4) 
Prevalence of experiencing 
orofacial pain in last 4 
weeks (%) 
30.0 35.1 25.4 (23.0-27.8) 
    
a95% CI reported where known, due to not always being displayed for adult age group data in 
the report, because this data was presented as bar graphs. 
bPrevalence of being caries-free was only reported for children, adolescents and young adults 
aged 18–24 years, it is assumed the prevalence of being caries-free in older adults is low.  
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When comparing the 2009 NZOHS data with the Australian Survey of Adult Oral 
Health 2004–2006 (NSAOH), the mean DMFT scores for all adults were mostly 
similar. The exception was among adults aged 25–34 and 65–74 years, where the 
mean DMFT was higher for New Zealanders than Australians by one whole tooth 
(Ministry of Health, 2010a). New Zealand adults aged 25–34 years had the highest 
prevalence of having one or more decayed tooth of all the age groups in Australasia, 
with nearly half affected, while it was one in four for Australians (Ministry of Health, 
2010a). 
 
All three New Zealand national oral health surveys have shown significantly poorer 
oral health among Māori adults (Cutress et al., 1979; Hunter et al., 1992; Ministry of 
Health, 2010). For example, the 2009 NZOHS found that the mean number of teeth 
missing per person due to pathology was 1.6 times higher in Māori than non-Māori. 
Also, Māori were 1.5 times as likely than non-Māori to have untreated decay on one 
or more teeth. The 2009 NZOHS also found that a lower proportion of Māori had 
visited a dentist in the last 12 months, or were routine users, and a higher proportion 
had avoided dental care due to cost (Ministry of Health, 2010a). 
 
The DMHDS is a longitudinal study that has followed a birth cohort of just over 1000 
people born in Dunedin at Queen Mary Maternity Hospital in 1972–1973. The 
participants, who are now aged between 47 and 48 years, have been followed up 
regularly throughout their lives, with extremely high retention rates. There are over 70 
articles published using the DMHDS dental data in the literature, and the dental 
component of the DMHDS is acknowledged internationally as the only sound source 
of information on the natural history of oral conditions through the critical 
developmental epoch of early-to-mid-adulthood (Hong et al., 2020). With respect to 
dental caries, the DMHDS has found that after controlling for childhood 
socioeconomic status, young childhood dental caries experience at age 5 was 
associated with more tooth loss and greater dental caries experience by age 26 
(Thomson et al., 2004). At 18 years of age, only two participants had lost one or more 
permanent teeth due to dental caries; however, by the age of 26 years, almost one in 
ten had done so. That particular paper showed that inequalities are magnifying during 
early adulthood and after State-funded dental care has finished at age 18 (Thomson et 
al., 2000a). This was later confirmed to age 38, with social inequalities continuing to 
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widen (Thomson, 2012). Broadbent et al. (2013) found that the number of tooth 
surfaces affected by dental caries from age 5 through to age 38 increased by 
approximately 0.8 surfaces a year (on average), showing—along with cohort study 
data on older people (Thomson, 2004)—that the dental caries increment is a constant 
through life. 
 
The DMHDS has shown that periodontal disease was well established among a small 
proportion of young adults by age 26, with 15% having one or more sites with 
probing depth of ≥4mm and 20% having one or more sites with ≥4mm attachment 
loss (Thomson et al., 2000b). Another paper by Thomson et al. (2004) showed that 
loss of periodontal attachment in the cohort was associated with lower childhood 
socioeconomic status. This periodontal attachment loss continued into the fourth 
decade of life with 45% having an increase of ≥2mm attachment loss in one or more 
sites (Thomson et al., 2006a). However, there was a reduction of bleeding on probing 
from around 30% to 8% from 26 to 32 years of age, indicating gingivitis was 
becoming less prevalent in the fourth decade of life (Thomson et al., 2006a). 
 
Smoking has long been recognized as an important risk factor for periodontal disease 
(Gelskey, 1999; Johnston and Hill, 2004; Zeng et al., 2014). The DMHDS has been 
able to add to the knowledge of the smoking and periodontal disease relationship, in 
particular on the temporal relationship in young adults. Hashim et al. (2001) have 
shown from DMHDS data that participants with chronic exposure to smoking at ages 
15, 18, 21 and 26 were almost three times more likely than non-smokers to have one 
or more sites with ≥4mm attachment loss at age 26. Thomson et al. (2007) then 
showed between the ages of 26 and 32 that those who smoked from mid-adolescence 
through to their thirties had five times the odds of being incident cases, and 
approximately two-thirds of those incident cases were due to smoking. The research 
also showed that the periodontal health of those participants who had ceased smoking 
after age of 26 was almost as good as the participants who had never smoked. The 
effect of chronic smoking on periodontal disease in this cohort continues into middle 
adulthood, with smokers at ages 26, 32 and 38 having 3.5%, 12.8% and 23.2% greater 
attachment loss than non-smokers (Zeng et al., 2014). 
 
The DMHDS also reported on the third molar outcomes from age 18 to 26 years 
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(Kruger et al., 2001). They found that horizontally impacted third molars do not erupt, 
but between 20 and 50% of other types of impaction do eventually erupt. At age 18 
years, 15.2% of third molars were missing, and the most common mandibular third 
molar impaction was mesioangular (62.9%), followed by vertical (11.0%), 
distoangular (1.4%) and horizontal (1.0%). 
 
Dental visiting has been shown in the DMHDS to be important for oral health. 
Episodic dental users had 3.1 times higher odds than routine dental users of losing a 
tooth between ages 18 and 25 (Thomson et al., 2000a). Thomson (2001) reported that 
at age 26 years, those who used dental services when they had a problem had a higher 
dental caries experience and increment in the previous 8 years. Thomson et al. (2010) 
found that the prevalence of routine visiting in this cohort fell from 82% at age 15 to 
28% by age 32. The study also found that visiting trajectory patterns over the period 
from adolescence to early thirties are associated with clinical dental health and 
OHRQoL in adulthood. Regular dental attenders had less than half the mean number 
of missing teeth, lower DMFS score, lower mean DS, lowest OHIP-14 scores and 
were nearly twice as likely to report better than average oral health than the non-
regular dental attenders (Crocombe et al., 2012).  
 
Unfortunately, OHRQoL was not measured in the DMHDS cohort until they were 32 
years old. This was due to no age-appropriate validated OHRQoL measures being 
developed at the time these participants were in young adulthood (Hong et al., 2020). 
 
2.4. Socioeconomic Status (SES) and its Measurement 
SES is the social class of an individual or group in relation to others, and it is often 
used in public health research. SES disparities in the oral health of New Zealanders 
have been found in many studies, with low-SES groups shown to have poorer oral 
health than high-SES groups (Cutress et al., 1979; Hunter et al., 1992; Ministry of 
Health, 2010; Thomson, 2012).  
 
The two main approaches to determining SES are (1) individual-based measures and 
(2) area-based measures. The individual-based approach uses indicators such as 
occupation, income, or education to determine an individual or household’s social 
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rank. For measuring occupation, the New Zealand Socioeconomic Index 2013 
(NZSEI-13; Fahy et al., 2017) is used in New Zealand; it allocates a SES score to 
each occupation. The NZSEI-13 is an internationally comparable measure with a clear 
conceptual model that uses the 2013 Census data (Fahy et al., 2017). Area-based 
measures used in New Zealand include school decile ratings and the New Zealand 
Deprivation Index. The latest New Zealand Deprivation Index was released in 
December 2019; it is called the NZDep2018 (Atkinson et al., 2019). The NZDep2018 
geocodes street addresses into small geographical areas called meshblocks. The 
meshblocks are then allocated a deprivation score based on variables from the 2018 
Census that reflect several dimensions of deprivation (Atkinson et al., 2019). 
 
Unfortunately, all ways of measuring SES have limitations. For example, self-
reported approaches rely on the accuracy of the participant reporting, and some 
participants may be embarrassed to report an unemployed status for occupation, or 
their income level. For individual-based occupation measures, it is assumed that all 
individuals within the occupation receive the same income, which is not always true 
as there can be considerable variation within occupations. Whereas, area-based 
measures such as the New Zealand Deprivation Index assume that everyone in the 
census meshblock is the same in respect to SES, which may not necessarily be the 
case. Jamieson and Thomson (2006) found that using a combination of area-based and 
individual-based measures resulted in consistent oral health gradients. For example, 
they found the highest edentulism prevalence and poorest oral health in those from 
low-SES households located in the most deprived areas, and the lowest edentulism 
prevalence and best oral health from high-SES households located in the least 
deprived areas, with the other SES combinations in the intermediate positions. 
 
2.5. Clinical Indices 
A clinical index is an attempt to assign a numerical value to clinical conditions on a 
scale. By doing so, it can allow comparisons among populations who have been 
examined by the same method. Some requisites of an ideal index are: simplicity; clear 
criteria; validity; reliability; precision; reproducible; acceptable to participant; and 
able to be statistically analysed and interpreted. Dental clinical indices are used to 
represent things such as dental caries, periodontal disease, mucosal conditions, 
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enamel defects, malocclusion, salivary flow, dental trauma, and facial pain in 
individuals. Clinical indices are useful for research, epidemiology and for providing 
information for policy and planning.  
 
2.5.1. Dental Caries 
The two most common indices for representing dental caries experience are the 
Decayed Missing or Filled (DMF) Index (World Health Organization, 1997) and the 
International Caries Detection and Assessment System (ICDAS; ICDAS Co-
ordination Committee, 2005).  
 
The World Health Organization recommends the well-known DMF index for oral 
health surveys and it has been used for dental caries research for over 80 years (World 
Health Organization, 1997). There are two variants of the DMF Index - the Decayed, 
Missing or Filled Teeth (DMFT) and the Decayed, Missing or Filled Surface (DMFS) 
Index. The DMFS has more detail and therefore is a more precise measure. 
Essentially, the DMF score is used to place individuals on a continuum of dental 
caries experience. 
 
The DMF index has many strengths, such as being simple, reliable, and validated. The 
use of radiographs, as was the case in this study, helps to improve the detection of 
interproximal dental caries (Gowda et al., 2009). A limitation of the DMF index is 
that determining whether a tooth is missing due to dental caries or another reason 
(such as periodontal disease, orthodontic treatment, or trauma) can be difficult if the 
history of the tooth is unknown. This can lead to overestimating dental caries 
experience if any missing tooth is deemed to be so because of dental caries. There is 
also the problem of how many surfaces to allocate for a ‘missing’ tooth in the DMFS 
index: for example, if all the surfaces are assumed missing due to dental caries, it can 
lead to an overestimation for that individual (Broadbent and Thomson, 2005). The 
index is cumulative and does not capture the recency of dental caries experience. The 
DMF index does not include carious lesions limited to enamel; a carious lesion needs 
to be clinically (and in posterior teeth radiographically, if radiographs are being used) 
involving the dentine in order to be recorded.  
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2.5.2. Periodontal Disease 
There are many methodological challenges to measuring periodontal disease, such as 
which teeth to measure in the mouth, which sites on the teeth to measure, and how to 
define a case. There have been many indices for measuring periodontal disease 
developed such as: Periodontal Index (PI; Russell, 1967); Periodontal Disease Index 
(PDI; Ramfjord, 1959); Extent and Severity Index (ESI; Carlos et al., 1986); 
Community Periodontal Index of Treatment Needs (CPITN; Cutress et al., 1987); and 
Periodontal Screening and Recording Index (PSR; Landry and Jean, 2002). 
 
The PSR system is the screening tool the NZDF already uses and documents from the 
recruits’ initial dental examinations. The PSR normally takes 2 to 3 minutes to 
perform and requires only the worst score in each sextant to be recorded. The PSR is a 
modification of the CPITN index to be used in general dental practice and has been 
endorsed by the American Dental Association and the American Academy of 
Periodontology as a quick and simple method of identifying patients who may require 
a more complete evaluation of their periodontal health status (Frisco and Bramson, 
1993). Apart from one major difference, the asterisk code (showing that periodontal 
abnormalities are present), the PSR and CPITN are nearly identical. Given the 
common design of the two indices, it is possible to assess the strengths and 
weaknesses of the PSR using the conclusions of research using the CPITN and the 
PSR. Both indices have been the topic of many studies and have been found to be 
simple, quick, reliable, highly predictive of chronic periodontitis, and reproducible for 
periodontal screening and epidemiologic studies (Frisco and Bramson, 1993; Jeffcoat 
et al., 1997; Landry and Jean, 2002; Primal et al., 2014). 
 
It has been reported that CPITN scores may be overestimated in those under 20 years 
of age due to the presence of pseudopockets from eruption of the permanent second 
molars, and that care needs to be made to differentiate between pseudopockets and 
true periodontal pockets (Ainamo et al., 1984). Other limitations of the CPITN and 
the PSR indices are that they are categorical and hierarchical; for example, if a sextant 
records a code 3 (shallow pockets), it also assumes code 2 (calculus) and code 1 
(bleeding on probing) are also present, as well as the maximum code for the mouth is 
used. However, it is possible to have pockets without bleeding (Landry and Jean, 
2002). It should also be noted that the PSR is designed as a screening tool; thus, care 
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should be taken in interpreting scores. It is not a replacement for an in-depth 
periodontal evaluation, especially for longitudinal studies (Landry and Jean, 2002). 
The CPITN and PSR mix of ordinal and nominal categories means they are unsuitable 
for tracking attachment loss over time (Paidi et al., 1999).  
 
2.5.3. Third Molars 
Assessment of third molars is done clinically and by radiographic evaluation. The 
wide range of eruptive and angulation states for third molars means that it can be 
challenging to classify third molars methodically for research.  
 
The third molar eruption status can be determined clinically as either fully erupted, 
partially erupted, or unerupted/absent. For the last category, whether the tooth was 
absent or unerupted can be confirmed from a panoramic radiograph. However, this 
method is based on current clinical state and does not consider the tooth/root 
developmental stage or the possibility of future eruption. 
 
Traditional classifications for third molars have predominantly related to surgical 
difficulty and risk of removing the molar. The most common classifications are the 
Winter’s classification (Winter, 1926), and Pell and Gregory’s classification (Pell and 
Gregory, 1942), both of which use the inclination and position of the tooth. 
 
The Winter’s classification is used to determine the angulation of the third molars in 
relation to the long axis of the adjacent second molar. Based on this classification the 
categories can be: mesioangular, distoangular, vertical, horizontal, and transverse. 
Winter’s classification has been shown to have high reproducibility in many studies 
(Lima et al., 2012; Al-Dajani et al., 2017). The intra- and inter-examiner agreement 
involving four examiner groups of differing experience (undergraduates, maxillofacial 
surgeons, oral radiologists, and clinical dentists) in a Brazilian study produced high 





2.6. Oral-Health-Related Quality of Life 
 
2.6.1. Overview of Oral-Health-Related Quality of Life 
Clinical indicators may not always be sufficient to measure oral health status, because 
individuals can be affected differently by disease. An individual’s perception of their 
quality of life can be influenced by his/her adaptive capacity and personality and is 
subjective (Kressin et al., 2002; Thomson et al., 2011). OHRQoL measures are oral-
disease-specific and aim to capture a more holistic perspective on health and oral 
disease that considers the socioenvironmental impacts of disease on daily life (Slade 
et al., 1996; Locker, 1997). Disease-specific measures have an advantage over generic 
health related quality of life (HRQoL) measures because they are able to detect small 
changes (increased sensitivity) resulting from specific conditions. When using an 
OHRQoL measure combined with clinical indicators, a more informative assessment 
of the impact of the oral diseases can be made (Lawrence et al., 2008).  
 
Many models for measuring OHRQoL have been developed to assess the impact of 
oral disease, and it is important for researchers to use a relevant measure for their 
population of interest. Locker (1988) developed a conceptual model for assessing oral 
health based on the WHO’s International Classification of Impairments, Disabilities 
and Handicaps, and comprises of the seven domains of functional limitation, physical 
pain, psychological discomfort, physical disability, psychological disability, social 
disability, and handicap. Locker (2004) then went on to broaden this concept by 
adapting the Wilson and Cleary’s model of oral disease and their consequences and 
how they impact on quality of life.  
 
Differences may exist in OHRQoL between different age groups, because most dental 
conditions are chronic and cumulative, increasing in severity with age. Dental caries 
and periodontal disease do not usually cause symptoms in the early stages; however, 
they are progressive and can lead to tooth loss if not treated. There is strong evidence 
that tooth loss is associated with impaired OHRQoL. The extent and severity of this 
OHRQoL impairment is affected by the number of teeth missing, and the location and 
distribution of the tooth loss in the mouth (Steele et al., 2004; Lahti et al., 2008; 
Gerritsen et al., 2010). In a paper comparing Australian and United Kingdom national 
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samples in which the 14-item Oral Health Impact Profile (OHIP-14) was used, it was 
found that while tooth loss was associated with negative OHRQoL, age independently 
resulted in fewer oral health impacts. In the United Kingdom, those aged less than 30 
years had the highest OHIP-14 scores, while, in Australia, it was those aged 30–49 
years. In both countries, adults aged 70+ had much lower scores (on average) than the 
rest. The authors concluded that age, the number of teeth remaining, and cultural 
background are influences on OHRQoL (Steele et al., 2004). 
 
Women have been found in many studies to perceive their oral health as having a 
greater impact on their daily life. In the DMHDS at age 32, women had higher OHIP-
14 scores than men despite having fewer missing teeth, less untreated dental caries, 
and less periodontal attachment loss than men. The women were also more likely to 
be routine users of dental services (Lawrence et al., 2008). 
 
Turning to the measurement of OHRQoL, the two main types of OHRQoL measures 
are global (single–item) oral health measures and multi-item questionnaires. Global 
measures aim to capture the overall OHRQoL with a single question such as, “How 
would you describe the health of your teeth or mouth?” with the response options: 
Excellent, Very good, Good, Fair, and Poor (Locker, 2001). The main advantages of 
the global oral health measures are they are simple and fast, both for the participant to 
complete, and the researcher to analyse and interpret. Another important feature of the 
global oral health item is that it is a summary measure of both the subjective 
perceptions and the objective observations of the participant. It allows the participant 
to weight what contribution of oral health is important to them, such as functional 
capability or social embarrassment (Thomson et al., 2012). Moreover, a global oral 
health measure can easily be added to other health surveys, even when clinical oral 
examinations are not possible, and this can help widen health surveys to include oral 
health (Thomson et al., 2012). Locker’s Global Oral Health Item (2001) has been used 
in representative samples of New Zealand and Australian adults and validated against 
clinical disease measures of dental caries, tooth loss, and periodontal disease 
experience (Thomson et al., 2012). Another international study compared cultural 
differences in oral health perceptions in national representative samples of New 
Zealand and China, two countries that are culturally vastly different, with differing 
values, traditions and dental care. Self-rated oral health was measured by similar 
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global oral health items, and it was found that Chinese adults aged between 35–44 
years were more likely to rate their oral health as poor or fair, and the proportion of 
New Zealand adults rating their oral health as very good was four times that observed 
among Chinese. Despite this absolute difference, both the Chinese and New Zealand 
adults’ self-ratings did reflect their oral disease experience in similar ways with 
largely consistent gradients of worst self-reported oral health in people having the 
greatest disease experience (Thomson et al., 2019). 
 
The multi-item scales ask a number of questions based on a conceptual model. Some 
commonly used multi-item scales for adults are the: General Oral Health Assessment 
Index (GOHAI); Oral Impacts on Daily Performance (OIDP); and the Oral Health 
Impact Profile (OHIP) (Atchison and Dolan, 1990; Adulyanon and Sheiham, 1997; 
Slade and Spencer, 1994). The global and multi-item measures can be used 
individually or together. When used together, the global measure can help to 
determine the concurrent validity of the multi-item scale (Shearer et al., 2007; 
Thomson et al., 2012; Thomson et al., 2019).  
 
2.6.2. The Oral Health Impact Profile (OHIP) 
The OHIP, originally developed in Australia, is a well-known and validated measure 
that was developed from Locker’s conceptual model and aims to capture all the 
functional and psycho-social impacts that are related to all oral health conditions, 
rather than specific oral conditions (Slade and Spencer, 1994). The original OHIP-49 
has 49 questions to measure the frequency and severity of oral problems in relation to 
the seven domains of Locker’s (1988) framework. To reduce the questionnaire length 
and respondent burden of the OHIP-49, it was then developed using a controlled 
regression procedure and validated as a short-form measure using a subset of 14 of 
those items by Slade (1997); the new measure was called the OHIP-14 (Table 3). The 
seven domains are still represented by two items each, allowing subscale scores to 





Table 3. Domains and item content of the OHIP-14 (Slade, 1997) 
 
Domains Item (How often in the last year because of problems with 
your teeth, mouth or dentures have you…..?) 
  
  
Functional limitation Had trouble pronouncing any words? 
 Felt your sense of taste has worsened? 
  
Physical pain Had painful aching in your mouth? 





Had to interrupt meals? 
  
Physical disability Has your diet been unsatisfactory? 
 Have you been a bit embarrassed? 
  
Social disability Been a bit irritable with other people? 
 Had difficulty doing your usual jobs? 
  
Handicap Felt life in general was less satisfying? 
 Been totally unable to function? 
  
Responses are made on a 5-point scale, coded 0=never, 1=hardly ever, 
2=occasionally, 3=fairly often, 4=very often. 
 
 
All OHRQoL measurements should meet certain requirements to be useful. The 
Scientific Advisory Committee (SAC) suggest eight key attributes of QoL 
instruments: (1) Underlying conceptual model; (2) Reliability; (3) Validity; (4) 
Responsiveness; (5) Interpretability; (6) Minimum of respondent and administrative 
burden; (7) Alternative forms; (8) Cultural and language adaptations (Scientific 
Advisory Committee of the Medical Outcomes Trust, 2002). The following discussion 
looks into each of these attributes in more detail as they pertain to the OHIP scales. 
 
1. Underlying conceptual model.  
The OHIP-49 and OHIP-14 are based on the first WHO model of health adapted for 
dentistry by Locker (1988). The explanatory model suggests that a series of impacts 
can occur from oral disease and is concerned with impairment (Figure 1). The OHIP 
is a set of questions categorised into the seven conceptual dimensions as derived from 
in-depth interviews with adult patients on how their oral status affected their lives. 
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The internal reliability of the OHIP-14 was tested by Slade (1997) in his derivation of 
the short-form from the original OHIP-49 by using the Cronbach’s coefficient α and 
was shown to have high reliability among his sample of older South Australians.  
 
Test-retest reliability based on intraclass coefficients can also be used to demonstrate 
reproducibility. In the development of the OHIP-49, the test-retest demonstrated 
stability with the intraclass coefficient being 0.42–0.77 after a 3-month recall period 
(Slade and Spencer, 1994). 
 
3. Validity 
Measurement validity is the ability of the instrument to measure what it is intended to 
measure. The OHIP-14 was originally developed and validated for use in older adults 
but has since has been validated in different age groups, including adolescents (Slade, 
1997; Broder et al., 2000). The OHIP-14 has also been validated in many cultures, 
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including New Zealand (Slade, 1997; Lawrence et al., 2008). The New Zealand 
DMHDS first used the OHIP-14 with their birth cohort at age 32 years and found 
OHIP-14 scores were significantly associated with oral health status after controlling 
for sex, SES, and use of dental services (Lawrence et al., 2008). Both the OHIP-49 
and the OHIP-14 have now been included in many countries’ national surveys (such 
as the United Kingdom, Finland, Australia and New Zealand) and can allow 
comparisons between countries (Nuttall et al., 2001; Savolainen et al., 2005; Carter 
and Stewart, 2002; Ministry of Health, 2010a; Slade et al., 2005). 
 
The validity of the OHIP-14 was further tested by Nuttall et al. (2006) when they used 
data from a large dentate sample from the United Kingdom to develop a strongly 
predictive population-response model for the OHIP-14, which then accounted for 
98% of response combinations of Australian dentate adults. The findings of that study 
gave strong support for the model that informed the development of the OHIP scales. 
 
Construct validity can be assessed through comparisons of OHIP scores across 




The OHIP has shown that it can detect changes in OHRQoL over time. In a two-year 
longitudinal study of older adults in South Australia, the OHIP was able to capture 
both improvement and deterioration of oral health status, but this adds to complexities 
when analysing longitudinal data (Slade, 1998). 
 
The OHIP scales can be used before and after an intervention and have been used in 
clinical trials. Allen et al. (2001) used the OHIP-49 to assess OHRQoL before and 
after implant therapy and conventional denture procedures in edentulous adults with 
denture wearing difficulties in the United Kingdom and found it to be sensitive to 
change (responsive).  
 
The impact of malocclusion on OHRQoL has long been explored in the orthodontic 
literature. A systematic review and meta-analysis that included five studies out of 
thirteen with the OHIP-14 showed that orthodontic treatment during childhood and 
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adolescence lead to moderate improvements in OHRQoL (Javidi et al., 2017). In New 
Zealand, Antoun et al. (2015) used the OHIP-14 in a cohort of orthodontic patients at 
Christchurch Hospital. The effect of orthodontic treatment on OHRQoL of the three 
study groups varied with the greatest improvement found for orthognathic surgery 
patients followed by patients with severe malocclusions and then cleft lip, cleft palate, 
or cleft lip and palate patients. 
 
5. Interpretability 
Interpretability can be defined as the degree that one can easily understand the 
meaning of the quantitative scores. From the OHIP scales, three summary measures 
can be calculated: the prevalence (percentage of people reporting one or more items 
of “fairly often” or “very often”); the extent (the number of items reported “fairly 
often” or “very often”); and the severity (the sum of the ordinal responses, which is 
the traditional summated rating scale score). The latter also considers the impacts of 
“occasionally” and “hardly ever” and has a range of 0–56 for the OHIP-14. These 
outcome variables can also be calculated for each of the seven domains for in-depth 
analysis. 
 
6. Minimal respondent and administrative burden 
The short form scale of the OHIP-14 was developed because it is more practical, 
especially when other questions are being asked in a survey as well. It can be self-
administered with no supervision. The administrative burden was markedly 
ameliorated after Allen and Locker (1997) showed—among a sample of older adults 
in Ontario, Canada—that item weights were no better at discriminating between 
groups than a simple additive method. 
 
7. Alternative forms 
The OHIP-20 (or OHIP-EDENT) has also been developed as a modified short version 
for use with edentulous individuals (Allen and Locker, 2002). The original OHIP-49, 
the short form OHIP-14 and the OHIP-20 are all available for use, depending on the 
research question and population. The longer, more detailed OHIP-49 is still useful 
for more complex conditions or studies.  
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Another way of adapting the OHIP scales for the study population or research 
question can be to change the reference period. It is normally recommended to use a 
12-month reference period, but this can be reduced to four weeks, which may be 
especially useful in clinical trials when investigating the effect of a treatment on 
OHRQoL. Sutinen et al. (2007) found in their study that the 12-month reference 
period had marginally higher OHIP summary scores than a four-week reference 
period, but these differences were not statistically significant. 
 
8. Cultural and language adaptations 
Both the OHIP-49 and the OHIP-14 scales were originally developed in English and 
have been translated into many different languages and used with many different 
cultures showing successful cross-cultural adaptation. This high degree of cross-
cultural adaptation also provides further evidence to support the construct validity of 
the OHIP, since quality of life should be similar across cultures and languages 
(Allison et al., 1999; Szentpétery et al., 2006). Table 4 shows countries in which the 
OHIP has been cross-culturally validated. Such a high degree and extent of cross-
cultural adaptation supports its use in multicountry and multicultural studies on 




















Table 4. Some of the countries in which the OHIP has been cross-culturally checked 
and translated. 
 
 Country Reference 
   
English versions   
 Canada Slade et al., 1996; Allison et al., 1999 
 United States Slade et al., 1996 
 United Kingdom Allen and Locker, 2002; Steele et al., 
2004; Durham et al., 2013 
 Australia Slade and Spencer, 1994; Slade et al., 
1996; Slade, 1998 
 New Zealand Lawrence et al., 2008 




 Japan Yamazaki et al., 2007 
 Finland Savolainen et al., 2005 
 Germany John et al., 2002 
 Canada (French) Allison et al., 1999 
 Hungry Szentpétery et al., 2006 
 The Netherlands van der Meulen et al., 2008 
 Korea Bae et al., 2007 
 China Wong et al., 2002 
 Sri Lanka Ekanayake and Perera, 2003 
 Sweden Larsson et al., 2004 
 Brazil (Spanish) de Oliveira and Nadanovsky, 2005 
 Brazil 
(Portuguese) 
Pires et al., 2006 
 Israel  Kushnir et al., 2004 
 Malaysia Saub et al., 2005 
 Saudi Arabia Al-Jundi et al., 2007 
 Chile Lopez and Baelum, 2006 
 Spain Montero-Martin et al., 2009 
 Turkey Balci et al., 2017 
 India Deshpande and Nawathe, 2015 














3.1. General Approach 
This was a cross-sectional study of recruits and officer cadets entering the NZDF 
using data from their initial dental examination (including baseline forensic charting), 
posterior bitewing radiographs (PBWs), orthopantomograph (OPG) radiograph and a 
socio-dental questionnaire (including the OHIP-14). These data were used to calculate 
DMFS, DMFT, PSR, third molar eruption and impaction status, OHIP-14 scores, and 
to characterise recruits’ dental visiting patterns and oral self-care practices. 
 
3.2. Ethical Considerations 
Ethical approval for this research was sought from and approved by the University of 
Otago Ethics Committee: Category B (D18/200) (Appendix 1). The NZDF 
Organisational Research Committee approved the research and a Deed Pro Forma for 
external researchers was signed. The researchers obtained advice from the Ngāi Tahu 
Research Consultation Committee prior to commencing. 
 
3.3. Sample 
The sample consisted of all new recruits and officer cadets entering the NZDF in the 
13-month period 1 July 2018 to 31 July 2019. Originally the sample period was 12-
months, however due to unusually low recruitment numbers during this period it was 




A written information sheet, the consent form and the socio-dental questionnaire were 
given to each recruit to read and/or complete while they were waiting for their dental 
examination. Contact details for the researchers were provided in this information 
sheet. A NZDF staff member was available to help with explanation if required. 
Written consent was obtained from all recruits who agreed to participate prior to their 
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The questionnaire comprised of 30 items and was completed prior to the dental 
examination in the NZDF dental centre waiting room.  
 
There were five general background questions on age, sex, ethnicity, occupation, and 
highest level of education obtained. This was followed by 11 questions relating to 
their dental health behaviours and attitudes. The questionnaire finished with the Short 
form Oral Health Impact Profile (OHIP-14). The questionnaire is shown in Appendix 
4. 
 
The dental centre assistants collected the questionnaires as the recruits went into the 
dental surgery for their clinical examination. Those were then sent to the Trentham 
dental centre after each intake. The returned questionnaire information was then 
entered into the spreadsheet by the principal investigator. 
 
3.5.1. Socioeconomic Characteristics 
The socio-dental questionnaire obtained information on the sex, age (years), ethnicity 
of the recruit and two measures of socioeconomic status, comprising one occupation 
and one education-based measure. The recruits were grouped into the following age 
groups for analysis: 17–18, 19–20, 21–24, and 25+. Ethnicity was collected as in the 
2013 New Zealand Census, whereby recruits could select multiple options from NZ 
European, Māori, Cook Island Māori, Samoan, Tongan, Niuean, Chinese, Indian and 
Other. The recruits were then grouped into Māori and non-Māori. For those recruits 
who had selected multiple ethnicities, Māori was prioritised, so that if Māori was one 
of a number of ethnicity categories selected, the recruit was allocated to the Māori 
category. 
 
The occupation measure was the New Zealand Socioeconomic Index 2013 (NZSEI-
13) (Fahy et al., 2017), which allocates a SES score to each occupation. Scores 
between 10 and 33 were categorised as “low SES”, scores between 34 and 61 were 
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classified as “medium SES”, and those scoring 62 and 90 were designated as “high 
SES”. If a recruit had come straight from school and listed “Student” as their 
occupation, they were given the occupation of Defence Force Member, which gave 
them the NZSEI-13 code of 54 and put them in the “medium SES” category. 
 
The education measure asked the question “What is the highest level of education you 
attained? (please circle the answer which applies) Primary School, Secondary School, 
Trades qualification, Tertiary.” The primary school and secondary school responses 
were combined in the analysis so that there were three categories: Primary/secondary; 
Trades; and Tertiary. 
 
3.5.2. Dental Health Behaviour Questions 
There were eight questions on dental health and their attitude to dental health. Five of 
these questions were taken from the 2009 NZOHS (Ministry of Health, 2010b). 
 
Questions 6, 7, 8, and 9 pertained to dental visiting patterns. Question 6 asked what 
was the recruit’s usual reason for visiting the dentist (question 93 in the 2009 
NZOHS). The response options were: “Check-up”; “Problem”; “Never go”; and 
“Don’t know”. In the data analysis, the recruits who responded “Check-up” were 
categorised as “Routine users” and all other recruits were “Non-routine users”. 
Question 7 asked how long since they last visited the dentist. The response options 
were: “Less than 1 year ago”; “Between 1 and 2 years ago”; “Between 2 and 5 years 
ago”; “More than 5 years ago”; “Never been”; and “Can’t remember”. For the data 
analysis, the recruits were categorised into those who had visited a dentist in the last 
24 months and those who had not. Question 8 asked about the reason for the recruit’s 
last dental visit, with the response options of: “Check-up”; “Pain”; “Broken 
filling/tooth”; “Gum problems”; “Denture problems”; and “Other”. Question 9 asked 
whether the recruits had accessed free dental care when they were aged 13–18 years 
old, with the two response options of “Yes” or “No”. 
 
Questions 10 and 11 pertained to tooth brushing and flossing (questions number 53 
and 54 from the 2009 NZOHS). For the data analysis for tooth brushing the recruits 
were categorised into those who brush at least twice daily and those who do not. For 
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flossing, the recruits were categorised into those who flossed daily or better, and those 
who flossed less than daily. 
 
Question 12 asked whether the recruit smoked. The response options were: “Yes”; 
“Previous smoker”; and “Never smoked”. 
 
Questions 15 and 16 pertained to the recruit’s attitudes to dental health (questions 114 
and 116 in the 2009 NZOHS). Question 15 asked about how important they thought 
dental problems in adult teeth were. The response options were: “Very important”; 
“Somewhat important”; “Neutral”; “Not very important”; “Not very important at all”; 
and “Don’t know”. Question 16 asked how important the recruit thought the health of 
their mouth and teeth was to their general health and well-being, and had the same 
response options as question 15. 
 
3.5.3. Global Measures 
The recruit’s perceptions of their oral health were assessed using two global measures 
(Questions 13 and 14). First, they were asked to describe the health of their teeth or 
mouth. The response options were: “Excellent”; “Very good”; “Good”; “Fair”; and 
“Poor” (Locker, 2001; Thomson et al., 2012). 
 
The second global measure assessed the recruit’s perceptions of change in their oral 
health with the question “All things considered, would you say that, over the past 
year, the health of your mouth has…” The response options were: “Improved”; 
“Stayed the same”; and “Got worse” (Locker, 1998). 
 
3.5.4. Oral-Health-Related Quality of Life (OHIP-14) 
The final section of the questionnaire was a standardised set of questions used to 
assess each recruit’s quality of life with regard to his/her oral health. This was done 
using the OHIP-14 (Slade, 1997). The OHIP-14 has 14 items, which seek information 
on the frequency of “trouble with your teeth, mouth or dentures” in the last year. The 
response options and scores were: “Never” (scoring 0); “Hardly ever” (1); 
“Occasionally” (2); “Fairly often” (3); and “Very often” (4). An overall OHIP-14 
score was computed by summing responses to all 14 items, with possible scores 
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ranging from 0 to 56. Seven subscale scores were also computed; each subscale had 
two items. The seven subscales were: functional limitation; physical pain; 
psychological discomfort; physical disability; psychological disability; social 
disability; and handicap. The proportion of recruits reporting one or more items 
“Fairly often” and “Very often” was also determined. 
 
3.6. Clinical Examinations 
Clinical examinations and radiography took place at NZDF dental centres on three 
sites: Woodbourne, Waiouru and Devonport. All recruits have a compulsory dental 
examination and radiographs upon entering the NZDF. This clinical examination 
includes a comprehensive baseline forensic charting. Eleven NZDF dentists (all 
trained on baseline forensic charting) performed these clinical examinations. The 
principal investigator was not one of the examining dentists. Unfortunately, due to 
time and travel restraints no examiner training, calibration or inter-examiner 
reliability testing was done. All dental examinations were done in a reclining dental 
chair with an overhead light, sterile dental mirror, probe, World Health Organization 
(WHO) periodontal probe and triplex syringe. The dental examinations were done 
after taking PBWs and an OPG radiograph. 
 
The data from the clinical examination were entered on to the NZDF dental software 
system, Titanium (version 67) by the NZDF dental assistant as the dentist called out 
the charting during the examination. The NZDF dentist then checked the charting in 
conjunction with the radiographs after the dental examination. 
 
Repeat examinations were not possible because of logistical constraints arising from 
the recruits’ training schedules. 
 
3.7. Radiographic Examination 
All radiographs taken (both OPG and PBWs) were digital. The OPG radiograph was 
taken first by an NZDF dental hygienist using a MyRay Extraoral Digital X-Ray unit 
(Ivoclar Vivadent). The NZDF dentist took the PBWs at the start of the clinical 
examination. The PBWs were taken using MyRay Intraoral Digital X-Ray unit 
(Ivoclar Vivadent) and Dürr phosphor image plates that were then scanned using 
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Vistascan (Dürr Dental). The images are captured via a third party interface, MiPACS 
Dental Enterprise Solution (Medicor imaging) before being confirmed and transferred 
via diacom to the patient file in the patient management programme Titanium 
(Titanium Solutions Ltd). All radiographs were viewed in Titanium using a standard 
desktop computer screen. 
 
3.8. Dental Caries Recording 
Clinical data were entered into a Microsoft Excel spreadsheet on a laptop computer 
(by the principal investigator) from the Titanium dental software clinical record 
(Titanium Solutions Ltd). A presence code for each tooth, including third molars, was 
entered into the spreadsheet from the clinical records once it had been verified with 
the radiographs. The options for tooth presence codes were; present = 1; missing = 2; 
and deciduous = 3. 
 
A code was then entered for each tooth surface for the decayed, missing or filled 
status once it had been verified with the radiographs by the principal investigator 
(Table 5). Tooth surfaces extracted for reasons other than dental caries, such as 
orthodontic treatment or impaction, were coded as missing due to other reasons. The 
posterior molar and premolar teeth had five surfaces (occlusal, mesial, buccal, distal 
and lingual). The anterior canine and incisor teeth had four surfaces (mesial, buccal, 
distal and lingual). A code was entered for all of the 148 tooth surfaces in each recruit. 
 
Table 5. DMFS codes 





3 Filled and decayed 
4 Crown or bridge abutment 
5 Missing due to caries 
6 Missing other reason 
7 Unerupted 
9 Fissure sealant 
  
 
Note: code 8 was for excluded teeth; however, no teeth were excluded in this study. 
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A tooth surface was deemed decayed if it was clinically requiring a restoration and/or 
had a P4 or P5 lesion identified on the PBW. The P classification system was used for 
radiographic diagnosis of approximal dental caries in PBW (Table 6). 
 
Table 6. P classification system (Mejàre et al., 1999) 
P code 
  
0 No visible radiolucency 
1 Radiolucency in the outer half of enamel 
2 Radiolucency in the inner half of enamel 
3 Radiolucency extends <0.5mm into dentine 
4 Radiolucency with obvious spread in the outer half of the 
dentine (<halfway through to pulp) 
5 Radiolucency with obvious spread in the inner half of the 
dentine (> halfway through to pulp) 
  
 
Dental caries scores were computed by summing the surfaces coded as decayed, 
missing, or filled due to dental caries to give a DMFS score. Dental caries prevalence 
was calculated as the proportion with 1+DMFS. 
 
3.9. Periodontal Status Recording 
The Periodontal Screening and Recording (PSR) index was used. The WHO 
periodontal probe was used, which has a 0.5mm diameter ball tip to help detect 
subgingival calculus and stops over-measurement. It also has a black band extending 
from 3.5mm to 5.5mm from the tip. The probe is gently inserted into the gingival 
sulcus of each tooth until light resistance is met and then it is moved around the tooth 
circumference. The greatest probe depth in each sextant is determined. The mouth is 
divided into sextants: maxillary right molars and premolars (S1); maxillary canines 
and incisors (S2); maxillary left molars and premolars (S3); mandibular left molars 
and premolars (S4); mandibular canines and incisors (S5); mandibular right molars 
and premolars (S6). Each sextant is given a code based on the highest probing depth 






Table 7. PSR scoring system (Landry and Jean, 2002). 
PSR code 
  
0 Coloured area of probe is visible in deepest crevice in sextant. 
No calculus of defect margins detected. No gingival bleeding 
after gentle probing. 
1 Coloured area of probe is visible in deepest crevice in sextant. 
No calculus of defect margins detected. There is gingival 
bleeding after gentle probing. 
2 Coloured area of probe is visible in deepest crevice in sextant. 
Supra- and/or subgingival calculus and/or defective margin are 
detected. 
3 Coloured area of the probe remains partly visible in the deepest 
probing depth in the sextant. 
4 Coloured area of probe completely disappears, indicating a 
pocket depth of greater than 5.5mm. 
* Periodontal abnormalities present such as furcation 
involvement, tooth mobility, mucogingival problems, and 
gingival recessions exceeding 3.5mm. 
X Edentulous sextant 
 
 
For the periodontal data, the highest PSR score was used in the analysis. The PSR 
codes 3 (periodontal pocketing 3.5mm -5.5mm) and 4 (periodontal pocketing greater 
than 5.5mm) were combined to make a ‘Pocketing’ category. 
 
3.10. Third Molar Recording 
Firstly, the number and location of third molars present were recorded. Then each 
third molar tooth was given two codes. The first code was the eruption status (Table 
8). This code was derived from the information in the clinical examination record and 









Table 8. Third molar eruption status codes  
 
  
1 Fully erupted: tooth observed in mouth at time of examination 
and all 5 surfaces could be seen. 
2 Absent: No evidence of tooth or tooth bud in the panoramic 
radiograph or clinically. 
3 Partially erupted: tooth observed in the mouth at time of 
examination but not all 5 surfaces able to be seen. 
4 Unerupted: Unable to be observed in mouth at time of 




The second code was the impaction status (Table 9). This was based on the Winter’s 
classification but was modified for the vertical category. In the vertical category 
where the third molar was partially erupted or unerupted and there was enough room 
for the third molar to erupt this was categorised as “Not impacted”. This was due to 
the young age of the recruits and to categorise them as “Vertical” impactions would 
have been misleading. 
 
Table 9. Third molar impaction status codes (modified from Winter, 1926) 
 
  
0 Absent: No evidence of tooth or tooth bud in the panoramic 
radiograph or clinically 
1 Mesioangular: the impacted tooth is tilted toward the second 
molar in a mesial direction (from 11 to 79o). 
2 Vertical (from -10 to 10o). 
3 Distoangular: the long axis of the third molar is angled 
distally/posteriorly away from the second molar (from -11 to     
-79o). 
4 Horizontal: the long axis of the third molar is horizontal (from 
80 to 100o). 
5 Not impacted. 
  
 
The number of third molars per recruit was calculated. A ‘potentially problematic’ 
category was made that consisted of any third molar that was unerupted, or partially 
erupted with an impaction code of mesioangular, vertical, distoangular or horizontal. 
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3.11. Intra-observer Reliability 
The principal investigator went back to Trentham Army Camp Dental Headquarters 
and re-examined every 20th recruit’s data for dental caries, PSR, and third molar 
eruption and impaction codes at the end of the data collection period. This enabled the 
assembling of a replicate data-set. The intraclass correlation coefficient (ICC) and 
Kappa values were calculated using SPSS and are shown in Table 10. 
 
Table 10. Intra-observer test-retest reliability    
 Coefficient 
  
Dental caries  
DMFS ICC = 0.998  
DS ICC = 0.995  
   MS ICC = 1.000  
FS ICC = 0.996  
DMFT ICC = 1.000  
DT ICC = 0.990  
MT ICC = 1.000 
   FT ICC = 0.998  
Third molars  
Eruption 18 Kappa = 1.000 
   Eruption 28 Kappa = 0.967 
Eruption 38 Kappa = 1.000 
Eruption 48 Kappa = 1.000 
Angulation 18 Kappa = 0.907 
   Angulation 28 Kappa = 0.954 
Angulation 38 Kappa = 0.970 
Angulation 48 Kappa = 0.969 
Number of third molars ICC = 1.000 
  
 
The ICCs and Kappa scores were extremely high for the clinical data on dental caries 
and third molars, indicating excellent test-retest reliability for the coding and entry of 
the clinical data. 
 
 
3.12. Data Recording 
The principal investigator entered the data from the clinical examinations, radiographs 
and questionnaires into a Microsoft Excel spreadsheet. NZDF strict privacy and 
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security rules meant that all of that data collection had to be done at the Trentham 
Army Camp Dental Headquarters.  
 
Once all data had been entered it was checked for missing items. In some cases, the 
recruit had consented to participate in the study but had not completed the 
questionnaire. For some recruits, the PSR and OPG were missing from the clinical 
records. The number of missing responses is reported in each results table. 
 
3.13. Data Analysis 
The Statistical Package for the Social Sciences (SPSS) version 25 (IBM®, SPSS®, 
Chicago, USA) was used to analyse the data. 
 
For the OHIP-14, construct validity was assessed by examining the association 
between mean OHIP-14 scores and subscale scores and responses to the global self-
rated oral health question. The statistical significance of the difference between the 
means was determined using ANOVA. 
 
Bivariate analyses used chi-square tests to compare proportions, and independent 
sample t-tests (or ANOVA) for comparing means of continuous variables. The alpha 
value was set at P<0.05.  
 
The multivariate modelling of the OHIP-14 score used Stata version 15 (Stata Corp, 
College Station, Texas, USA). The negative binomial regression model was used to 
control for confounders. The modelling adjusted for sex, age group, Māori ethnicity, 
education level, service, behavioural characteristics (routine user, last visit in previous 
24 months, regular flosser, and brushes at least twice daily), and clinical status 
(number of decayed teeth, 1 or more periodontal pockets). The modelling was guided 











In this section the data collected from the examinations, radiographs and 
questionnaires between 1 July 2018 and 31 July 2019 is analysed and presented. 
 
In all tables the education level and SES groups were missing data on 15 and 17 
recruits respectively. In the interests of decluttering the tables this will not be pointed 
out in the tables. 
 
4.1. Participation Rate 
Table 11 shows the differences between the participants and non-participants and the 
overall sample by sociodemographic characteristics and the place they were 
examined. 
 
Table 11. Analysis of participants and non-participants (brackets contain column 
percentages unless otherwise indicated) 
 Took part Refused Total eligible 
    
Sex    
Male 701 (80.2) 129 (72.5)a   830 (78.9) 
Female 173 (19.8)    49 (27.9)   222 (22.1) 
Age group    
17–18 310 (35.5)   67 (37.6)   377 (35.8) 
19–20 237 (27.1)   41 (23.0)   278 (26.4) 
21–24 225 (25.7)   42 (23.6)   267 (25.4) 
25+ 102 (11.7)   28 (15.7)   130 (12.4) 
Service    
Army 525 (60.1) 111 (62.4)   636 (60.5) 
Navy 246 (28.1)   50 (28.1)   296 (28.1) 
Air Force 103 (11.8)   17 (9.6)   120 (11.4) 
Place examined    
  Woodbourne 200 (22.9)   22 (12.4)a   222 (21.1) 
  Waiouru 483 (55.3) 102 (57.3)   585 (55.6) 
  Fleet 191 (21.9)   47 (26.4)   238 (22.6) 
  Burnham     0 (0.0)     4 (2.2)       4 (0.4) 
  Linton     0 (0.0)     2 (1.1)       2 (0.2) 
  Ohakea     0 (0.0)     1 (0.6)       1 (0.1) 
    
All combined 874 (83.1) 178 (16.9)b 1052 (100.0) 





The participation rate for the study was 83%. A lower proportion of female recruits 
than males consented to participate. Those at Woodbourne who were invited to take 
part had the highest participation rates. There were also seven recruits who were 
examined outside the three main examination centres; they were not offered the 
opportunity to participate.  
 
4.2. Sociodemographic Characteristics of Participants 
The sociodemographic characteristics of the recruits are presented in Table 12. 
 
Table 12. Overview of sociodemographic and service characteristics of the sample 
(brackets contain row percentages unless otherwise indicated) 
 Sex  
 Male  Female  Both combineda  
    
Age group    
17–18 241 (77.7)   69 (22.3) 310 (35.5) 
19–20 200 (84.4)   37 (15.6) 237 (27.1) 
21–24 182 (80.9)   43 (19.1) 225 (25.7) 
25+   78 (76.5)   24 (23.5) 102 (11.7) 
Māori ethnicity    
No 558 (82.1) 122 (17.9)b 680 (77.8) 
Yes 143 (73.7)   51 (26.3) 194 (22.2) 
Education level    
Primary/secondary 533 (80.8) 127 (19.2) 660 (76.8) 
Vocational/Trade   45 (80.4)   11 (19.6)   56 (6.5) 
Tertiary 109 (76.2)   34 (23.8) 143 (16.6) 
SES group    
High   73 (73.0)   27 (27.0) 100 (11.7) 
Medium 318 (79.3)   83 (20.7) 401 (46.8) 
Low 294 (82.6)   62 (17.4) 356 (41.5) 
Service    
Army 447 (85.1)   78 (14.9)b 525 (60.1) 
Navy 173 (70.3)    73 (29.7) 246 (28.1) 
Air Force   81 (78.6)   22 (21.4) 103 (11.3) 
    
All combined 701 (80.2) 173 (19.8) 874 (100.0) 






Overall, the sample comprised 874 recruits, of whom one in five were Māori. The 
proportion of Māori females was higher with one in four Māori being female and just 
over one in six non-Māori being female. The age range of recruits was 17 to 59 years, 
with only 9 in the sample older than 35 years. The majority of the recruits (88.3%) 
were aged between 17 and 24 years. The majority of recruits (76.8%) highest level of 
education was at the primary or secondary school level. Only one in eight were in the 
high SES group, however one in four of the high SES group were females. Nearly 
two-thirds of the recruits were in the Army, followed by Navy and then Air Force. 
The proportion of females was highest in the Navy and lowest in the Army. 
 
4.3. Behavioural Characteristics 
The self-reported behavioural characteristics are present by recruit sociodemographic 
characteristics are presented in Table 13.  
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Table 13. Behavioural characteristics of the sample, by recruit characteristics (brackets contain row percentages unless otherwise indicated) 
 Dental visit during 
previous 24 
monthsa 
Routine user (visits 
for check-ups)b 
AOHS utilisationc Brush at least twice 
dailyd 
Regular flossing  
(Daily or better)b 
Current smokere 
       
Sex       
Male 503 (73.2) 438 (63.8)f 622 (91.2) 507 (74.2)f 147 (21.5) 44 (6.4) 
Female 129 (75.0) 130 (76.0) 157 (91.8) 151 (87.8)   46 (26.7)   6 (3.5) 
Age group       
17–18 271 (88.0)f 246 (80.1)f 294 (96.4)f 237 (78.0)   60 (19.7)f 15 (4.9)f 
19–20 188 (80.0) 177 (75.3) 222 (94.9) 176 (75.2)   42 (17.9) 15 (6.4) 
21–24 111 (50.9) 104 (47.9) 196 (90.7) 165 (76.0)   48 (22.1) 15 (6.9) 
25+   62 (63.3)   41 (41.8)   67 (68.4)   80 (80.0)   43 (43.0)   5 (5.0) 
Māori ethnicity       
No 499 (74.9) 451 (67.9) 602 (91.1) 523 (78.4) 154 (23.1) 29 (4.4)f 
Yes 133 (68.9) 117 (60.6) 177 (92.2) 135 (71.8)   39 (20.5) 21 (11.0) 
Education level       
Primary/secondary 512 (77.8) 462 (70.4)f 614 (93.9)f 504 (77.3) 135 (20.5)f 39 (6.0)f 
Vocational/Trade   37 (66.1)   27 (48.2)   50 (89.3)   42 (75.0)   19 (33.9)   6 (10.7) 
Tertiary   83 (58.0)   78 (54.5) 114 (80.9) 109 (76.2)   39 (27.3)   4 (2.8) 
SES group       
High   77 (77.0)   71 (71.0)   84 (85.7)   82 (82.0)   30 (30.0)   3 (3.0)f 
Medium 290 (72.7) 271 (68.1) 366 (92.4) 297 (75.0)   87 (22.0) 19 (4.8) 
Low 264 (74.2) 224 (63.1) 327 (92.1) 274 (77.2)   75 (21.1) 27 (7.6) 
Service       
Army 381 (73.8) 329 (63.8)f 462 (89.9) 382 (74.2) 110 (21.3) 34 (6.6) 
Navy 169 (70.1) 160 (66.9) 226 (95.0) 192 (80.7)   54 (22.7) 15 (6.3) 
Air Force   82 (80.4)   79 (77.5)   91 (90.1)   84 (82.4)   29 (28.4)   1 (1.0) 
       
All combined 632 (73.6) 568 (66.3) 779 (91.3) 658 (77.0) 193 (22.5) 50 (5.8) 
       
a15 missing data  b17 missing data  c21 missing data  d19 missing data e18 missing data  f P<0.05 
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Three-quarters of all the recruits had seen a dentist in the previous two years. There 
were significant differences between age groups, whereby only half of the recruits 
aged between 21 and 24 years old had visited the dentist in the last two years, whereas 
nearly 90% of the 17 to 18-year-old age group had done so. 
 
Two-thirds of recruits were routine users, in that their usual reason for visiting a 
dentist was for a check-up. There were sex differences, with three-quarters of the 
female recruits being regular users, while fewer than two-thirds of the male recruits 
were. There was an age group gradient, with the youngest recruits having the highest 
proportion of routine users and the oldest recruits having the least. 
 
Over 90% of all recruits had accessed State-funded dental care between the ages of 13 
and 18 years. There was a noticeable difference between the recruits aged 17 to 24 
years old and those aged 25 years and older, with more of the former than the latter 
having utilised the AOHS. There was no ethnic difference. 
 
The prevalence of current smoking was low, at just over one in 20 overall. Smoking 
prevalence was highest among Māori recruits and those from a trade/vocational 
education background and lowest in those recruits with a tertiary education 
background and in those enlisted in the Air Force. 
 
Just over one in five recruits were regular flossers, in that they flossed at least daily. 
This proportion was significantly higher among older recruits. Overall, three-quarters 
of the recruits brushed their teeth at least twice a day. There was a notable sex 
difference: nearly 90% of the female recruits were regular tooth brushers, while only 
three-quarters of the male recruits were.  
 
4.4. Clinical Status 
4.4.1. Dental Caries Experience 
Table 14 shows dental caries severity at tooth surface level (DMFS) and prevalence 
data (1 or more DMFS) by recruit’s sociodemographic characteristics. This is 
followed by Table 15, which presents the dental caries severity (DMFT) and 
prevalence (1 or more DMFT) at the tooth level. 
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Table 14. Dental caries experience at tooth surface level, by recruit characteristics (brackets contain row percentages unless otherwise indicated). 
















         
Sex         
   Male 1.0 (3.0) 0.3 (1.7) 3.3 (5.1)a   4.5 (7.2) 181 (25.8) 24 (3.4) 431 (61.5)a 477 (68.0) 
Female 0.8 (1.8) 0.1 (1.1) 4.5 (6.0)   5.5 (7.2)   48 (27.7)   3 (1.7) 127 (73.4) 133 (76.9) 
Age group         
   17–18 0.5 (1.2)a 0.0 (0.0)a 2.9 (4.4)a   3.4 (5.1)a   65 (21.0)a   0 (0.0)a 186 (60.0)a 204 (65.8)a 
19–20 0.6 (1.9)  0.1 (0.7) 3.2 (4.6)   3.8 (5.5)   54 (22.8)   2 (0.8) 152 (64.1) 162 (68.4) 
21–24 1.2 (3.0) 0.2 (1.4) 3.5 (5.0)   4.9 (6.6)   75 (33.3)   8 (3.6) 141 (62.7) 158 (70.2) 
25+ 2.5 (5.7) 1.5 (3.8) 6.4 (8.5) 10.4 (12.7)   35 (34.3) 17 (16.7)   79 (77.5)   86 (84.3) 
Māori ethnicity         
No 0.9 (2.7) 0.3 (5.2) 3.3 (5.2)a   4.4 (7.2)a 171 (25.1) 23 (3.4) 426 (62.6) 471 (69.3) 
Yes 1.1 (3.3) 0.2 (1.1) 4.3 (5.6)   5.6 (7.2)   58 (29.9)   4 (2.1) 132 (68.0) 139 (71.6) 
Education level         
Primary/secondary 0.8 (2.4)a 0.2 (1.3)a 3.4 (5.2)a   4.3 (6.9)a 166 (25.2) 12 (1.8)a 412 (62.4) 444 (67.3)a 
Vocational/Trade 1.9 (5.1) 0.7 (2.4) 6.2 (7.8)   8.8 (10.2)   18 (32.1)   5 (8.9)   42 (75.0)   47 (83.9) 
Tertiary 1.3 (3.4) 0.5 (2.2) 3.4 (4.6)   5.2 (6.9)   40 (28.0)   8 (5.6)   94 (65.7) 107 (74.8) 
SES group         
High 0.6 (2.2) 0.2 (0.9) 3.6 (5.4)   4.3 (6.3)   17 (17.0)   3 (3.0)   63 (63.0)   67 (67.0) 
Medium 0.8 (2.7) 0.2 (1.6) 3.4 (5.9)   4.5 (7.0) 107 (26.7) 11 (2.7) 258 (64.3) 282 (70.3) 
Low 1.1 (3.1) 0.3 (1.7) 3.7 (5.9)   5.1 (7.7) 101 (28.4) 11 (3.1) 226 (63.5) 248 (69.7) 
Service         
Army 1.1 (3.3) 0.3 (1.8) 3.4 (5.3)   4.8 (7.6) 148 (28.2) 18 (3.4) 329 (62.7)a 366 (69.7) 
Navy 0.7 (1.7) 0.2 (1.2) 4.0 (5.3)   4.8 (6.4)   62 (25.2)   6 (2.4) 173 (70.3) 181 (73.6) 
Air Force 0.7 (2.2) 0.2 (1.5) 3.3 (5.5)   4.2 (6.8)   19 (18.4)   3 (2.9)   56 (54.4)   63 (61.2) 
         
All combined 0.9 (2.8) 0.3 (1.6) 3.5 (5.3)   4.7 (7.2) 229 (26.2) 27 (3.1) 558 (63.8) 610 (69.8) 
         
a P<0.05  
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Table 15. Dental caries experience at tooth level, by recruit characteristics (brackets contain row percentages unless otherwise indicated). 
















         
Sex         
Male 0.6 (1.6) 0.1 (0.3) 2.2 (2.9)a 2.9 (3.6)a 181 (25.8) 24 (3.4) 427 (60.9)a 477 (68.0)a 
Female 0.6 (1.4) 0.0 (0.2) 3.0 (3.1) 3.6 (3.8)   48 (27.7)   3 (1.7) 127 (73.4) 133 (76.9) 
Age group         
17–18 0.4 (1.0)a 0.0 (0.0)a 2.0 (2.7)a 2.4 (3.1)a   65 (21.0)a   0 (0.0)a 186 (60.0)a 204 (65.8)a 
19–20 0.4 (1.0) 0.0 (0.1) 2.3 (2.7) 2.7 (3.0)   54 (22.8)   2 (0.8) 151 (63.7) 162 (68.4) 
21–24 0.8 (1.8) 0.0 (0.3) 2.3 (2.9) 3.2 (3.8)   75 (33.3)   8 (3.6) 138 (61.3) 158 (70.2) 
25+ 1.3 (2.9) 0.3 (0.7) 3.7 (4.0) 5.3 (5.3)   35 (34.3) 17 (16.7)   79 (77.5)   86 (84.3) 
Māori ethnicity         
No 0.6 (1.5) 0.1 (0.3) 2.2 (2.9)a 2.9 (3.6) a 171 (25.1) 23 (3.4) 423 (62.2) 471 (69.3) 
Yes 0.8 (1.8) 0.0 (0.2) 2.8 (3.3) 3.6 (4.0)   58 (29.9)   4 (2.1) 131 (67.5) 139 (71.6) 
Education level         
Primary/secondary 0.5 (1.4)a 0.0 (0.3)a 2.3 (2.8)a 2.8 (3.5)a 166 (25.2) 12 (1.8)a 411 (62.3) 444 (67.3)a 
Vocational/Trade 1.1 (2.6) 0.1 (0.4) 3.8 (4.2) 5.0 (5.1)   18 (32.1)   5 (8.9)   42 (75.0)   47 (83.9) 
Tertiary 0.8 (1.8) 0.1 (0.4) 2.4 (3.0) 3.3 (3.6)   40 (28.0)   8 (5.6)   91 (63.6) 107 (74.8) 
SES group         
High 0.4 (1.2) 0.0 (0.2) 2.4 (3.4) 2.8 (3.6)   17 (17.0)   3 (3.0)   61 (61.0)   67 (67.0) 
Medium 0.6 (1.6) 0.0 (0.3) 2.3 (2.8) 3.0 (3.5) 107 (26.7) 11 (2.7) 257 (64.1) 282 (70.3) 
Low 0.7 (1.7) 0.1 (0.3)  2.4 (3.1) 3.2 (3.9) 101 (28.4) 11 (3.1) 225 (63.2) 248 (69.7) 
Service         
Army 0.7 (1.8) 0.1 (0.4) 2.2 (2.9) 3.0 (3.7) 148 (28.2) 18 (3.4) 327 (62.3) 366 (69.7) 
Navy 0.5 (1.2) 0.0 (0.2) 2.7 (3.1) 3.2 (3.6)   62 (25.2)   6 (2.4) 171 (69.5) 181 (73.6) 
Air Force 0.4 (1.1) 0.0 (0.3) 2.1 (3.0) 2.5 (3.5)   19 (18.4)   3 (2.9)   56 (54.4)   63 (61.2) 
         
All combined 0.6 (1.6) 0.0 (0.3) 2.4 (3.0) 3.0 (3.7) 229 (26.2) 27 (3.1) 554 (63.4) 610 (69.8) 
         
a P<0.05 
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Caries prevalence was high with only 30.2% of recruits having no dental caries 
experience (DMFT=0). Among the recruits, females had a higher caries experience 
than males. Just over three-quarters of the female recruits had a DMFS of 1 or more, 
while it was two-thirds among the male recruits. Māori recruits had a 1.2 higher 
DMFS and a 0.7 higher DMFT than non-Māori recruits. Caries experience showed a 
clear and consistent pattern whereby it was lowest among the youngest group, and 
greatest in the oldest recruits. 
 
Just over a quarter of all recruits had one or more tooth surfaces with untreated caries. 
The 0.9 mean DS and the 0.6 mean DT, suggests that most of the untreated decay 
involved only a single tooth surface. There was a consistent gradient of untreated 
decay with age, with the oldest recruits having the greatest number of one or more 
tooth surfaces with untreated decay. The highest number of teeth with untreated decay 
was in the Army followed by the Navy and the Air Force recruits. 
 
Overall, the number of recruits who had teeth missing due to dental caries was low at 
3.1%. The number of missing teeth due to dental caries was highest among those over 
25 years (16.7%) and those who had come from an education background of 
vocational/trade (8.9%). 
 
4.4.2. Periodontal Disease Experience 
The periodontal experience of the recruits is shown in Table 16, where the highest 
reclassified PSR score for each recruit is shown by recruit sociodemographic 
characteristics and smoking status at time of enrolment. The reclassification of the 
PSR codes was outlined in methods and involved codes 3 (periodontal pocketing 
3.5mm - 5.5mm) and 4 (periodontal pocketing greater than 5.5mm) having been 





Table 16. Periodontal disease experience, by recruit characteristics (brackets contain 
row percentages unless otherwise indicated, data missing from 30 recruits 
(3.4%)) 
 Highest score by sextant 
 Healthy Bleeding on 
probing 
Calculus Pocketing 
     
Sex     
Male   88 (13.1) 113 (16.8) 449 (66.8) 22 (3.3) 
Female   23 (13.4)   36 (20.9) 110 (64.0)   3 (1.7) 
Age group     
17–18   50 (16.6)   57 (18.9) 190 (62.9)   5 (1.7)a 
19–20   30 (13.3)   49 (21.7) 143 (63.3)   4 (1.8) 
21–24   21 (9.7)   35 (16.1) 153 (70.5)   8 (3.7) 
25+   10 (10.1)     8 (8.1)   73 (73.7)   8 (8.1) 
Māori ethnicity     
No   86 (13.1) 117 (17.8) 434 (65.9) 22 (3.3) 
Yes   25 (13.5)   32 (17.3) 125 (67.6)   3 (1.6) 
Education level     
Primary/secondary   94 (14.8) 118 (18.6) 409 (64.5) 13 (2.1) 
Vocational/Trade     5 (8.9)     9 (16.1)   40 (71.4)   2 (3.6) 
Tertiary   12 (8.6)   22 (15.8)   97 (69.8)   8 (5.8) 
SES group     
High   10 (10.2)   22 (22.4)   62 (63.3)   4 (4.1) 
Medium   56 (14.5)   54 (14.0) 266 (68.7) 11 (2.8) 
Low   45 (13.2)   73 (21.3) 216 (63.2)   8 (2.3) 
Service     
Army   89 (17.7)   68 (13.5) 333 (66.3) 12 (2.4)a 
Navy   12 (5.0)   55 (23.0) 164 (68.6)   8 (3.3) 
Air Force   10 (9.7)   26 (25.2)   62 (60.2)   5 (4.9) 
Smoking statusb     
   Current     5 (10.4)     5 (10.4)   38 (79.2)   0 (0.0)a 
   Former   16 (13.6)   12 (10.2)   81 (68.6)   9 (7.6) 
   Never   90 (13.6) 131 (19.8) 426 (64.5) 13 (2.0) 
     
All combined 111 (13.2) 149 (17.7) 559 (66.2) 25 (3.0) 
     




Nearly one in eight recruits were scored as healthy in all six sextants, and two-thirds 
had calculus present. The prevalence of periodontal pocketing was low, at 3.0% of all 
recruits. Table 16 shows a clear-cut gradient of calculus and periodontal pocketing by 
age group, with those in the oldest age group presenting with the most calculus and 
periodontal pocketing. One in six of the 17–18-year-old age group had a healthy 
periodontal score, while it was one in ten for the older age groups (21–24 and 25+ 
year-olds). There were also significant differences in periodontal status between the 
services, with Army recruits having the highest prevalence of periodontal health and 
Air Force recruits the lowest. There were no statistically significant differences in 
periodontal status by sex, ethnicity, education level or SES group. 
 
Current and former smokers had lower bleeding scores than non-smokers: however, 
nearly 80% of the current smokers had calculus present whereas only 65% of non-
smokers did. Former smokers had the highest proportion with periodontal pocketing. 
 
4.4.3. Third molar teeth 
The prevalence and mean number of third molars is summarised by recruit 
sociodemographic characteristics in Table 17.  
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Table 17. Prevalence and mean number of third molars, by recruit characteristics (data 
missing on 30 recruits for whom panoramic radiographs were not taken, 
brackets contain row percentages unless otherwise indicated) 
 Mean number of 
third molars 
present  (SD) 
Number with one 
or more third 
molars present 
Number with no 
third molars 
present 
    
Sex    
Male 3.2 (1.4)a 599 (89.1) 73 (10.9) 
Female 2.9 (1.5) 146 (84.9) 26 (15.1) 
Age group    
17–18 3.4 (1.2)a 283 (93.7)a 19 (6.3)a 
19–20 3.4 (1.2) 209 (92.5) 17 (7.5) 
21–24 3.0 (1.5) 183 (84.3) 34 (15.7) 
25+ 2.2 (1.7)   70 (70.7) 29 (29.3) 
Māori ethnicity    
No 3.2 (1.4) 579 (87.9) 80 (12.1) 
Yes 3.2 (1.4) 166 (89.7) 19 (10.3) 
Education level    
Primary/secondary 3.3 (1.3)a 578 (91.2)a 56 (8.8)a 
Vocational/Trade 2.9 (1.6)   46 (82.1) 10 (17.9) 
Tertiary 2.7 (1.7) 109 (78.4) 30 (21.6) 
SES group    
High 2.8 (1.7)a   78 (79.6)a 20 (20.4)a 
Medium 3.3 (1.3) 351 (90.7) 36 (9.3) 
Low 3.1 (1.4) 303 (88.6) 39 (11.4) 
Service    
Army 3.2 (1.4) 446 (88.7) 56 (11.2) 
Navy 3.2 (1.4) 212 (88.7) 27 (11.3) 
Air Force 2.9 (1.5)   87 (84.5) 16 (15.5) 
    
All combined 3.2 (1.4) 745 (88.3) 99 (11.7) 
    
aP<0.05 
 
There was a high prevalence (nearly 90% overall) of one or more third molars. There 
was a clear and consistent gradient by age group for both the prevalence and mean 
number of third molars, with the younger recruits having a higher proportion with one 
or more third molars present and higher mean numbers of third molars than the older 
recruits. Males had a higher mean number of third molars than females. There were 
also clear and consistent gradients by education level, with fewer third molars among 
those with higher education levels.  
 
Table 18 shows the eruption and impaction status of the third molars by tooth.
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Table 18. Eruption and impaction status of third molars, by tooth (data missing on 30 recruits for whom panoramic radiographs were not taken, 
 brackets contain row percentages unless otherwise indicated) 
 Radiographic impaction status 
Clinical eruption status Missing Mesioangular Vertical Distoangular Horizontal Not impacted Total 
(column %) 
Maxillary right third molar 
(18)a 
       
Fully erupted     0 (0.0)   5 (2.2) 0 (0.0) 0 (0.0) 0 (0.0) 222 (97.8) 227 (27.0) 
Absent 172 (100.0)   0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     0 (0.0) 172 (20.4) 
Partially erupted     0 (0.0)   1 (1.9) 0 (0.0) 0 (0.0) 0 (0.0)   51 (98.1)   52 (6.2) 
Unerupted     0 (0.0) 93 (24.0) 8 (2.1) 7 (1.8) 4 (1.0) 276 (71.1) 388 (46.2) 
Total 172 (20.5) 99 (11.7) 8 (1.0) 7 (0.8) 4 (0.5) 549 (65.4) 839 (100.0) 
Maxillary left third molar 
(28)b 
       
Fully erupted     0 (0.0)   5 (2.2)   0 (0.0) 0 (0.0) 0 (0.0) 218 (97.8) 223 (26.6) 
Absent 160 (100.0)   0 (0.0)   0 (0.0) 0 (0.0) 0 (0.0)     0 (0.0) 160 (19.2) 
Partially erupted     0 (0.0)   0 (0.0)   0 (0.0) 1 (2.1) 1 (2.1)   45 (95.7)   47 (5.6) 
Unerupted    0 (0.0) 83 (20.4) 12 (3.0) 7 (1.7) 2 (0.5) 302 (74.4) 406 (48.5) 
Total 160 (19.1) 88 (10.5) 12 (1.4) 8 (1.0) 3 (0.4) 566 (67.7) 836 (100.0) 
Mandibular right third 
molar (48)b 
       
Fully erupted     0 (0.0)     3 (2.4)   0 (0.0)   0 (0.0)   0 (0.0) 124 (97.6) 127 (15.2) 
Absent 182 (100.0)     0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)     0 (0.0) 182 (21.8) 
Partially erupted     0 (0.0)   19 (11.0) 52 (30.2)   8 (4.7) 13 (7.6)   80 (46.5) 172 (20.6) 
Unerupted     0 (0.0) 200 (56.3) 40 (11.3)   4 (1.1) 60 (16.9)   51 (14.4) 355 (42.5) 
Total 182 (21.8) 222 (26.6) 92 (11.0) 12 (1.4) 73 (8.7) 255 (30.5) 836 (100.0) 
Mandibular left third molar 
(38)c 
       
Fully erupted     0 (0.0)     7 (5.4)   0 (0.0) 0 (0.0)   0 (0.0) 122 (94.6) 129 (15.5) 
Absent 170 (100.0)     0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)     0 (0.0) 170 (20.4) 
Partially erupted     0 (0.0)   18 (9.8) 49 (26.8) 6 (3.3) 26 (14.2)   84 (45.9) 183 (21.9) 
Unerupted     0 (0.0) 210 (59.7) 31 (8.8) 2 (0.6) 54 (15.3)   55 (15.6) 352 (42.2) 
Total 170 (20.4) 235 (28.2) 80 (9.6) 8 (1.0) 80 (9.6) 261 (31.3) 834 (100.0) 
        
a5 missing data  b8 missing data  c10 missing data
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Approximately 20% of all third molars were absent, whether congenitally missing or 
previously extracted. One in four maxillary third molars were fully erupted, while one 
in six mandibular third molars were fully erupted. The most common type of 
impaction in the mandibular third molars was the mesioangular type followed by 
vertical, horizontal, and then distoangular. 
 
Any third molar that is unerupted, or partially erupted that has an impaction code of 
mesioangular, vertical, distoangular or horizontal still has the unknown possibility of 
causing problems, hence these teeth were analysed further. Table 19 shows the 





Table 19. The prevalence of potentially problematic third molars (assuming small 
number with missing data are not unerupted, partially erupted or impacted), by 
recruit characteristics (brackets contain row percentages unless otherwise 
indicated) 
 Potentially problematic third molars 
 No Yes 
   
Sex   
Male 286 (40.8) 415 (59.2) 
Female   66 (38.2) 107 (61.8) 
Age group   
17–18 111 (35.8) 199 (64.2)a 
19–20   88 (37.1) 149 (62.9) 
21–24   96 (42.7) 129 (57.3) 
25+   57 (55.9)   45 (44.1) 
Māori ethnicity   
No 273 (40.1) 407 (59.9) 
Yes   79 (40.7) 115 (59.3) 
Education level   
Primary/secondary 246 (37.3) 414 (62.7)a 
Vocational/Trade   24 (42.9)   32 (57.1) 
Tertiary   75 (52.4)   68 (47.6) 
SES group   
High   53 (53.0)   47 (47.0)a 
Medium 151 (37.7) 250 (62.3) 
Low 139 (39.0) 217 (61.0) 
Service   
Army 199 (37.9) 326 (62.1)a 
Navy   98 (39.8) 148 (60.2) 
Air Force   55 (53.4)   48 (46.6) 
   
All combined 352 (40.3) 522 (59.7) 
   
aP<0.05 
 
The prevalence of one of more potentially problematic third molars was almost 60%. 
It was highest in the youngest age groups, those from a medium or low SES group, 
and in Army or Navy recruits.  
 
Table 20 presents by tooth the prevalence of being unerupted, or partially erupted 




Table 20. The tooth prevalence of having been potentially problematic (assuming the 
small number with missing data are not unerupted, partially erupted or 
impacted, brackets contain row percentages unless otherwise indicated) 
 Tooth is potentially problematic? 
 No Yes 
   
Tooth   
18   757 (86.6)   117 (13.4) 
28   765 (87.5)   109 (12.5) 
   38   462 (52.9)   412 (47.1) 
48   461 (52.7)   413 (47.3) 
   
All combined 2445 (69.9) 1051 (30.1) 
   
 
 
Two-thirds of all third molars were either missing, fully erupted, or either partially 
erupted or unerupted without an impaction code. Nearly half of all mandibular third 
molars were either unerupted or partially erupted with an impaction code, whereas 
only one in eight of maxillary third molars were. 
 
4.5. Oral-Health-Related Quality of Life (OHRQoL) 
4.5.1. Global OHRQoL 
The mean OHIP-14 scores and the subscale scores are presented by the global oral 
health question in Table 21. Table 22 shows the prevalence of one or more OHIP-14 
impacts of “fairly often” and “ very often” over all the recruits and in the OHIP-14 
subscales by the global oral health question.  
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Table 21. Mean OHIP-14 scale and subscale scores, by Locker item response 
categories (data missing from 33 recruits, brackets contain standard deviation) 
 Locker item response 
 Excellent Very good Good Fair Poor 
      
OHIP-14 Subscale      
Functional limitation 0.2 (0.5) 0.5 (0.8) 0.7 (1.0)   0.9 (1.1)   1.0 (1.4)a 
Physical pain 0.9 (1.2) 1.1 (1.2) 1.4 (1.3)   1.9 (1.4)   2.2 (1.8)a 
   Psychological discomfort 0.3 (0.7) 1.1 (1.5) 1.4 (1.5)   2.3 (1.7)   3.0 (2.2)a 
Physical disability 0.6 (0.9) 1.0 (1.1) 1.4 (1.3)   1.8 (1.4)   2.2 (1.7)a 
Psychological disability 0.1 (0.4) 0.9 (1.2) 1.1 (1.4)   1.7 (1.5)   2.5 (1.6)a 
Social disability 0.1 (0.3) 0.5 (0.9) 0.7 (1.1)   1.0 (1.2)   1.5 (1.4)a 
Handicap 0.1 (0.4) 0.3 (0.8) 0.4 (0.8)   0.6 (0.9)   1.4 (1.6)a 
      
OHIP-14 scale 2.3 (2.6) 5.3 (5.0) 7.1 (6.0) 10.1 (6.5) 13.8 (8.8)a 
      
aP<0.001 
 
Table 22. Prevalence of OHIP-14 scale and subscale impacts, by Locker item 
response categories (data missing from 33 recruits, brackets contain column 
percentages unless otherwise indicated) 
 Locker item response 
 Excellent Very 
good 
Good Fair Poor 
      
OHIP-14 Subscale      
Functional limitation 0 (0.0)   3 (1.5)   8 (1.9)   2 (1.1)   1 (4.5) 
Physical pain 0 (0.0)   1 (0.5) 11 (2.7) 10 (5.4)   3 (13.6)a 
   Psychological discomfort 0 (0.0) 10 (5.0) 27 (6.6) 33 (17.8)   9 (40.9)a 
Physical disability 1 (4.5)   4 (2.0) 17 (4.1) 19 (10.3)   5 (22.7)a 
Psychological disability 0 (0.0)   3 (1.5) 18 (4.4) 17 (9.2)   5 (22.7)a 
Social disability 0 (0.0)   2 (1.0)   6 (1.5)   5 (2.7)   3 (13.6)a 
Handicap 0 (0.0)   2 (1.0)   4 (1.0)   3 (1.6)   1 (4.5) 
      
OHIP-14 scale 1 (4.5) 18 (9.0) 63 (15.3) 57 (30.8) 14 (59.1)a 
      
aP<0.001 
 
The OHIP-14 mean scores across the Locker item responses showed marked, 
consistent, and statistically significant gradients. Those responding “Excellent” had 
the lowest scores and those responding “Poor” the highest. The prevalence of impacts 
showed similar gradients, although that for functional limitation was not as consistent.  
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4.5.2. OHIP-14 
The mean OHIP-14 scores and prevalence of OHIP-14 impacts “fairly often” and 
“very often”, by recruit sociodemographic characteristic are presented in Table 23. 
 
Table 23. Prevalence and severity of OHIP-14 impacts, by recruit characteristics (data 
missing from 26 recruits, brackets contain row percentages unless otherwise 
indicated) 
 Number reporting 
1+impacts fairly/very 
often 
Mean OHIP-14 score  
(SD) 
   
Sex   
Male 120 (17.6)   7.3 (6.2) 
Female   33 (19.6)   7.6 (6.2) 
Age group   
17–18   45 (14.7)   6.7 (5.5)a 
19–20   42 (18.3)   7.2 (6.6) 
21–24   46 (21.3)   7.5 (6.0) 
25+   20 (20.8)   9.8 (7.6) 
Māori ethnicity   
No 113 (17.1)   7.1 (6.1)a 
Yes   40 (21.4)   8.4 (6.6) 
Education level   
Primary/secondary 114 (17.6)   7.2 (6.2) 
Vocational/Trade   10 (18.5)   8.4 (5.4) 
Tertiary   26 (18.7)   7.9 (6.7) 
SES group   
High   15 (15.2)   6.6 (5.6) 
Medium   72 (18.3)   7.3 (6.2) 
Low   63 (18.1)   7.7 (6.5) 
Service   
Army 101 (20.1)   7.6 (6.4) 
Navy   36 (15.3)   7.3 (6.1) 
Air Force   14 (13.9)   6.5 (5.4) 
   
All combined 153 (18.0)   7.4 (6.2) 
   
aP<0.05 
 
Slightly fewer than one in five recruits reported one or more OHIP-14 problems 
“fairly often” or “very often”. Māori recruits had a significantly higher mean OHIP-
14 score than their non-Māori counterparts. There was a consistent age gradient in 
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mean OHIP-14 scores, with the younger age groups having lower scores than the 
older age groups. 
 
Table 24 shows the severity of OHRQoL with the mean OHIP-14 subscale scores by 
recruit sociodemographic characteristics.  
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Table 24. Mean OHIP-14 subscale scores, by recruit characteristics (data missing from 26 recruits) 
 Mean OHIP-14 subscale score (SD) 
 Functional 
limitation 









        
Sex        
Male 0.7 (1.0) 1.4 (1.3) 1.5 (1.7) 1.4 (1.3) 1.2 (1.4) 0.7 (1.1) 0.4 (0.8) 
Female 0.6 (1.0) 1.6 (1.4) 1.6 (1.7) 1.3 (1.3) 1.2 (1.4) 0.8 (1.1) 0.5 (1.0) 
Age group        
17–18 0.7 (0.9) 1.4 (1.2)a 1.4 (1.5)a 1.2 (1.2)a 1.1 (1.3)a 0.7 (1.0) 0.4 (0.8)a 
19–20 0.7 (1.0) 1.3 (1.3) 1.5 (1.7) 1.5 (1.4) 1.2 (1.5) 0.7 (1.0) 0.4 (0.8) 
21–24 0.6 (1.0) 1.5 (1.4) 1.6 (1.5) 1.4 (1.3) 1.2 (1.3) 0.8 (1.1) 0.4 (0.8) 
25+ 0.6 (1.2) 2.1 (1.5) 2.0 (1.9) 1.7 (1.4) 1.6 (1.6) 1.0 (1.3) 0.7 (1.1) 
Māori ethnicity        
No 0.6 (0.9)a 1.4 (1.3)a 1.5 (1.7) 1.3 (1.3) 1.1 (1.4) 0.7 (1.1)a 0.4 (0.8) 
Yes 0.9 (1.2) 1.7 (1.4) 1.7 (1.6) 1.5 (1.3) 1.4 (1.4) 0.9 (1.1) 0.5 (0.9) 
Education level        
Primary/secondary 0.6 (1.0) 1.4 (1.3) 1.5 (1.6) 1.3 (1.3)a 1.2 (1.4) 0.7 (1.0) 0.5 (0.9) 
Vocational/Trade 0.7 (1.0) 1.7 (1.4) 1.8 (1.4) 1.7 (1.3) 1.2 (1.2) 0.8 (1.2) 0.4 (0.7) 
Tertiary 0.7 (1.1) 1.6 (1.4) 1.7 (1.7) 1.5 (1.4) 1.2 (1.4) 0.8 (1.2) 0.4 (0.9) 
SES group        
High 0.5 (0.9) 1.6 (1.3) 1.4 (1.6) 1.2 (1.2) 0.9 (1.3) 0.6 (1.1) 0.4 (0.7) 
Medium 0.7 (0.9) 1.4 (1.4) 1.5 (1.6) 1.4 (1.3) 1.2 (1.4) 0.7 (1.0) 0.4 (0.9) 
Low 0.7 (1.1) 1.4 (1.3) 1.6 (1.6) 1.4 (1.3) 1.3 (1.5) 0.8 (1.2) 0.5 (0.9) 
Service        
Army 0.7 (1.0) 1.5 (1.4) 1.6 (1.7) 1.4 (1.3) 1.3 (1.5) 0.8 (1.1) 0.5 (0.8) 
Navy 0.7 (0.9) 1.5 (1.3) 1.5 (1.6) 1.3 (1.3) 1.1 (1.3) 0.7 (1.1) 0.5 (0.9) 
Air Force 0.5 (0.9) 1.3 (1.1) 1.5 (1.6) 1.2 (1.2) 0.9 (1.2) 0.8 (1.1) 0.3 (0.8) 
        
All combined 0.7 (1.0) 1.5 (1.3) 1.5 (1.6) 1.4 (1.3) 1.2 (1.4) 0.7 (1.1) 0.5 (0.9) 
        
aP<0.05 
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The mean item scores were higher within the domains of “physical pain”, 
“psychological discomfort” and “physical disability” (range 1.5 to 1.4). In the 
dimensions of “ functional limitation”, “physical pain” and “social disability”, Māori 
recruits had significantly higher mean OHIP-14 scores than their non-Māori 
counterparts. The age group of 25+ years had significantly higher mean scores for the 
subscales of “physical pain”, “psychological discomfort”, “physical disability”, 
“psychological disability,” and “handicap”. 
 
Table 25 shows the prevalence of OHRQoL impacts using the number of OHIP-14 
impacts “fairly often” and “very often” subscale scores by recruit sociodemographic 
characteristics.  
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Table 25. Prevalence of OHIP-14 subscale impacts, by recruit characteristics (data missing from 26 recruits, brackets contain row percentages 
unless otherwise indicated) 
 Number reporting 1+impacts fairly/very often 
 Functional 
limitation 






Social disability Handicap 
        
Sex        
Male 11 (1.6)   15 (2.2)a 59 (8.7) 41 (6.0) 36 (5.3) 14 (2.1)   7 (1.0) 
Female   3 (1.8)   10 (6.0) 20 (11.9)   5 (3.0)   7 (4.2)   3 (1.8)   3 (1.8) 
Age group        
17–18   6 (2.0)     8 (2.6) 19 (6.2)a 10 (3.3) 11 (3.6)   4 (1.3)   3 (1.0) 
19–20   3 (1.3)     6 (2.6) 22 (9.6) 17 (7.4) 13 (5.7)   3 (1.3)   3 (1.3) 
21–24   2 (0.9)     7 (3.2) 22 (10.2) 13 (6.0) 12 (5.6)   7 (3.2)   2 (0.9) 
25+   3 (3.1)     4 (4.2) 16 (16.7)   6 (6.3)   7 (7.3)   3 (3.1)   2 (2.1) 
Māori ethnicity        
No   7 (1.1)a   16 (2.4) 59 (8.9) 36 (5.4) 31 (4.7) 13 (2.0)   6 (0.9) 
Yes   7 (3.7)     9 (4.8) 20 (10.7) 10 (5.3) 12 (6.4)   4 (2.1)   4 (2.1) 
Education level        
Primary/secondary 10 (1.5)   19 (2.9) 57 (8.8) 34 (5.2) 34 (5.2) 10 (1.5) 10 (1.5) 
Vocational/Trade   1 (1.9)     0 (0.0)   5 (9.3)   4 (7.4)   2 (3.7)   3 (5.6)   0 (0.0) 
Tertiary   3 (2.2)     6 (4.3) 16 (11.5)   7 (5.0)   7 (5.0)   3 (2.2)   0 (0.0) 
SES group        
High   3 (3.0)a     1 (1.0)   8 (8.1)   4 (4.0)   6 (6.1)   1 (1.0)   0 (0.0) 
Medium   1 (0.3)   16 (4.1) 37 (9.4) 24 (6.1) 17 (4.3)   6 (1.5)   4 (1.0) 
Low 10 (2.9)     8 (2.3) 33 (9.5) 17 (4.9) 20 (5.7)   9 (2.6)   6 (1.7) 
Service        
Army 11 (2.1)   19 (3.7) 53 (10.4) 31 (6.1) 31 (6.1) 12 (2.3)   4 (0.8) 
Navy   3 (1.3)     5 (2.1) 18 (7.7) 12 (5.1)   8 (3.4)   4 (1.7)   4 (1.7) 
Air Force   0 (0.0)     1 (1.0)   8 (7.9)   3 (3.0)   4 (4.0)   1 (1.0)   2 (2.0) 
        
All combined 14 (1.7)   25 (2.9) 79 (9.3) 46 (5.4) 43 (5.1) 17 (2.0) 10 (1.2) 
        
aP<0.05  
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The most commonly reported impacts of “fairly often” and “very often” were in the 
domain “psychological discomfort”, at about one in ten. In the domain of “functional 
limitation”, Māori recruits had a significantly higher prevalence of impacts than non-
Māori recruits. As with the mean OHIP-14 scores, there was again a gradient by age 
group, which was most significant in the subscale of “psychological discomfort”. One 
in 16 recruits aged 17–18 years reported one or more OHIP-14 items “fairly often” or 
“very often” to the subscale of “psychological discomfort”, whereas it was one in six 
for those aged over 25 years. Female recruits were three times more likely to report 
impacts in the subscale “physical pain” than male recruits. 
 
Table 26 shows the OHRQoL prevalence and severity by clinical status of periodontal 
disease and dental caries. 
 
Table 26. Prevalence and severity of OHIP-14 impacts, by clinical status. 
   





   
Periodontal maximum scorea   
Healthy   7.1 (6.4)   21 (19.1) 
Bleeding on probing   7.1 (6.2)   29 (19.7) 
 Calculus   7.6 (6.3)   97 (18.0) 
Periodontal pocketing   9.0 (6.2)     4 (17.4) 
   
Dental caries prevalenceb   
DMFS = 0   6.6 (6.3)c   35 (13.5)c 
   DMFS = 1+   7.7 (6.2) 118 (20.0) 
DS = 0   6.9 (5.9)c   98 (15.6)c 
DS = 1+   8.8 (6.8)   55 (24.9) 
   MS = 0   7.2 (6.1)c 147 (17.8) 
MS = 1+ 13.5 (8.0)     6 (25.0) 
FS = 0   6.9 (6.3)   46 (15.0) 
FS = 1+   7.7 (6.2) 107 (19.7) 
   
a56 missing data   b25 missing data   c P<0.05 
 
 
OHIP-14 scores were significantly higher for those recruits with dental caries 
experience. Those recruits with dental caries experience had a 1.2 higher mean OHIP-
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14 score and more OHIP-14 impacts of “fairly often” and “very often” than those who 
had no dental caries. Recruits with untreated decay had a 1.9 higher mean OHIP-14 
score than those with no untreated decay, and those with missing surfaces due to 
decay had a 6.3 higher mean OHIP-14 score than those with none. There was a 
gradient of mean OHIP-14 scores being higher with increasing severity of periodontal 
disease, but this was not statistically significant. 
 
4.6. Multivariate Analysis 
A negative binomial regression model was used to control for confounders, the results 
are shown in Table 27. 
 
Table 27. Negative binomial regression model for the OHIP-14 overall score. 
   
 IRR (95% CI) P value 
   
Sex   
Male 0.90 (0.77, 1.06)   0.199 
Age group (reference category 17–18)   
19–20 1.07 (0.92, 1.25)   0.378 
21–24 1.07 (0.88, 1.30)   0.463 
25+ 1.21 (0.93, 1.57)   0.162 
Māori ethnicity 1.18 (1.02, 1.37)   0.029 
Education level (reference category 
Primary/Secondary) 
  
Vocational/Trade 1.06 (0.82, 1.37)   0.646 
Tertiary 1.03 (0.84, 1.27)   0.758 
Service (reference category Air Force)   
Army 1.09 (0.90, 1.34)   0.361 
Navy 1.05 (0.85, 1.31)   0.638 
Behavioural characteristics   
Routine user 0.71 (0.61, 0.82) <0.001 
Last visit during previous 24 months 1.26 (1.08, 1.48)   0.004 
Regular flosser 1.00 (0.86, 1.17)   0.962 
   Brush at least twice daily 0.96 (0.83, 1.11)   0.593 
Clinical status   
   Number of decayed teetha 1.05 (1.01, 1.09)   0.010 
   1+ periodontal pockets 1.31 (0.89, 1.92)   0.167 
   
Constant 6.86 (4.93, 9.54) <0.001 





After controlling for confounders, OHIP-14 scores were higher for Māori, those who 
visited a dental professional in the last two years, and the presence of decayed teeth. 
Conversely, recruits who were routine users had a lower overall mean OHIP-14 score. 
 








Table 28. Negative binomial regression model for the OHIP-14 subscale scores. 
 IRR (95% CI) 
 Functional 
limitation 






Social disability Handicap 
        
Sex        
Male 1.03 (0.78, 1.36) 0.84 (0.72, 0.98)a 0.90 (0.74, 1.10) 1.00 (0.84, 1.18) 0.95 (0.77, 1.18) 0.80 (0.62, 1.05) 0.81 (0.58, 1.12) 
Age group (reference 
category 17–18) 
       
19–20 0.95 (0.73, 1.23) 0.94 (0.80, 1.10) 1.12 (0.91, 1.36) 1.21(1.02, 1.43)a 1.14 (0.93, 1.41) 1.05 (0.80, 1.38) 0.99 (0.71, 1.38) 
21–24 0.86 (0.62, 1.89) 1.07 (0.89, 1.29) 1.14 (0.89, 1.45) 1.04 (0.85, 1.28) 1.13 (0.87, 1.46) 1.11 (0.80, 1.55) 1.01 (0.68, 1.51) 
25+ 0.70 (0.44, 1.13) 1.32 (1.03, 1.68)a 1.28 (0.92, 1.78) 1.19 (0.91, 1.56) 1.42 (1.01, 2.02)a 1.20 (0.77, 1.88) 1.41 (0.82, 2.41) 
        
Māori ethnicity 1.39 (1.09, 1.77)a 1.21 (1.05, 1.39)a 1.10 (0.90, 1.31) 1.12 (0.96, 1.31) 1.16 (0.95, 1.41) 1.30 (1.01, 1.67)a 1.02 (0.74, 1.39) 
Education level (reference 
category Primary/Secondary) 
       
Vocational/Trade 1.30 (0.85, 2.00) 1.01 (0.79, 1.30) 1.08 (0.78, 1.49) 1.20 (0.93, 1.56) 0.89 (0.62, 1.26) 1.03 (0.66, 1.61) 0.69 (0.40, 1.22) 
Tertiary 1.30 (0.91, 1.85) 1.04 (0.86, 1.27) 0.98 (0.75, 1.27) 1.08 (0.87, 1.34) 0.90 (0.68, 1.19) 1.10 (0.77, 1.57) 0.80 (0.52, 1.23) 
Service (reference category 
Air Force) 
       
Army 1.08 (0.76, 1.55) 1.12 (0.91, 1.37) 1.03 (0.80, 1.33) 1.23 (0.92, 1.41) 1.25 (0.94, 1.67) 0.96 (0.68, 1.36) 1.36 (0.85, 2.17) 
Navy 1.15 (0.78, 1.68) 1.14 (0.91, 1.42) 0.99 (0.75, 1.30) 1.01 (0.79, 1.29) 1.16 (0.85, 1.57) 0.89 (0.61, 1.30) 1.60 (0.98, 2.63) 
Behavioural characteristics        
Routine user 0.78 (0.61, 1.00)a 0.65 (0.57, 0.75)a 0.72 (0.59, 0.86)a 0.76 (0.66, 0.89)a 0.72 (0.59, 0.88)a 0.72 (0.56, 0.93)a 0.60 (0.44, 0.81)a 
Last visit during previous 
24 months 
1.21 (0.92, 1.58) 1.38 (1.18, 1.61)a 1.25 (1.02, 1.53)a 1.08 (0.91, 1.27) 1.23 (0.99, 1.52) 1.46 (1.10, 1.94)a 1.28 (0.92, 1.78) 
Regular flosser 0.81 (0.61, 1.06) 1.02 (0.88, 1.18) 0.90 (0.74, 1.09) 1.12 (0.95, 1.31) 1.04 (0.85, 1.28) 1.06 (0.82, 1.38) 1.18 (0.86, 1.62) 
Brush at least twice daily 0.84 (0.66, 1.07) 0.97 (0.84, 1.13) 1.08 (0.89, 1.30) 0.89 (0.76, 1.04) 1.02 (0.84, 1.25) 1.06 (0.82, 1.37) 0.78 (0.57, 1.05) 
Clinical status        
Number of decayed teethb 1.05 (0.98, 1.11) 1.03 (0.99, 1.06) 1.06 (1.01, 1.11)a 1.05 (1.01, 1.09)a 1.05 (1.00, 1.10)a 1.06 (0.99, 1.12) 1.11 (1.04, 1.19)a 
1+ periodontal pockets 1.48 (0.80, 2.71) 1.18 (0.82, 1.68) 1.57 (1.00, 2.47) 1.03 (0.68, 1.56) 1.30 (0.78, 2.14) 1.40 (0.74, 2.64) 1.35 (0.63, 2.86) 
        
Constant 0.63 (0.36, 1.12)a 1.39 (1.00, 1.93)a 1.39 (0.92, 2.12) 1.27 (0.89, 1.82) 0.90 (0.57, 1.43) 0.66 (0.37, 1.18) 0.46 (0.23, 0.95)a 
        
aP<0.05    bContinuous variable 
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After controlling for confounders in the negative binominal regression model, the 
recruits who were routine users had statistically significantly lower OHIP-14 scores in 
all seven OHIP-14 domains. If the recruits had seen the dentist in the last 24 months it 
had the opposite effects on the OHIP-14 scores, with the scores being higher across 
all seven domains and were statistically significant in the domains of “physical pain”, 
“psychological discomfort”, and “social disability”. Those with more decayed teeth 
had higher OHIP-14 scores, and this was statistically significant for the domains of 
“psychological discomfort”, “physical disability”, “psychological disability”, and 
“handicap”. The Māori recruits had higher OHIP-14 scores across all seven domains, 
and the differences were significant for “functional limitation”, physical pain”, and 
“social disability”. For the domain of “functional limitation”, Māori had nearly 40% 
higher OHIP-14 scores. Female recruits had significantly higher OHIP-14 scores for 
the domain of “physical pain”. The older (25+) recruits had significantly higher 
OHIP-14 scores for the two domains of “physical pain” and “psychological 
disability”. Although not quite meeting the statistical significance threshold, those 
with one or more periodontal pockets had 57% higher scores in the domain of 




The purpose of this cross-sectional oral health survey of NZDF recruits and officer 
cadets recruited over a 13-month period was to describe their oral health status. Data 
from their initial dental clinical examination and radiographs were used to investigate 
the differences in their clinical status by sociodemographic characteristics, self-
reported visiting patterns, self-care habits, and the determinants of OHRQoL.  
 
This is the first cross-sectional oral health survey of the NZDF recruits and officer 
cadets since the 1950s, and much has changed both in New Zealand and the NZDF. 
NZDF personnel are required to be ‘dentally fit’ for deployment, and the findings of 
this study will help the NZDF with their planning and service provision to achieve 
this for the new recruits joining. Importantly, this study (to the researcher’s 
knowledge) is the largest sample—albeit a convenience sample—of young adults in 
New Zealand to have had their OHRQoL measured. The first section of the discussion 
will review the strengths and weaknesses of the study. Secondly, the discussion will 
explore the findings in relation to socioeconomic characteristics, behavioural 
characteristics, dental caries experience, periodontal disease experience, third molars 
status, and OHRQoL of the NZDF recruits in the context of the previous research in 
the young adult age group in New Zealand, and with other overseas recruit surveys. In 
addition, at the end of the discussion, recommendations for future similar surveys and 
future oral health research within the NZDF will be discussed. 
 
5.1. Methodological considerations 
Before discussing the findings of the study in more detail, it is appropriate to consider 
the study’s weaknesses and limitations, as well as its strengths.  
 
The study used a descriptive cross-sectional design and so gives a snapshot of the oral 
health status of NZDF recruits and officer cadets at one point in time. A disadvantage 
of this study design is that it measures exposure and outcome at the same time, and so 
it is unable to establish causal relationships. However, this study design is a useful 
way to measure the burden of a disease and investigate associations between disease 
and related factors in a defined place and time (Bhopal, 2008). The advantage of this 
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study design is that it produces information on many variables about a large number 
of people at a relatively low cost. This study provides a good baseline data set for 
future comparisons. 
 
One of the major strengths of this study is the large sample size and high participation 
rate (83.1%), making the findings highly likely to be representative of the NZDF 
recruit and officer cadet population. Non-response in oral health surveys needs to be 
considered, because non-response can affect the direction and magnitude of bias 
(Locker, 2000). An analysis of differences between the responders and non-
responders in this study found that a lower proportion of female recruits and a higher 
proportion of those who had their examinations at Woodbourne consented to 
participate. Although these differences were statistically significant, the magnitude of 
difference was not large and was unlikely to have diminished the samples 
representativeness of the source population. It was important for ethical reasons that 
the recruits and officer cadets knew they had the right to decline to participate in the 
study, and that this would not affect their future employment or dental treatment with 
the NZDF. This right to decline was made clear in the information sheet and consent 
form (Appendices 2 and 3), and the fact that 16.9% choose not to participate suggests 
that there was no pressure or coercion to participate. 
 
It is important to highlight that the sample was not representative of young adults in 
New Zealand. This is because marginalised young adults (such as those with 
disabilities, health, and social problems) are not included, and healthy, fit males are 
over-represented. Therefore, appropriate caution needs to be used when making 
recommendations for the general population based on these findings. 
 
A methodological limitation is the lack of replicate examinations and intra-examiner 
and inter-examiner reliability checks. This means the level of examiner agreement at 
the various examination locations remains unknown. It would also have been 
preferable to calibrate the examining NZDF dentists. For example, calibrating dentists 
for probing forces during the PSR examination would have been helpful to ensure 
better consistency among examiners. However, it was not possible due to time 
constraints, cost and the distances involved in recalling recruits for replicate 
examinations, or to bring dentists together for calibration training. Hausen et al. 
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(2001) reported that dental caries data in large studies collected from dental records 
are not inferior to those from examinations by calibrated examiners, and that may 
apply to the current study. 
 
Another limitation of this study is that measurement errors may have occurred 
because the sociodemographic, behavioural factors and OHRQoL were measured in a 
self-report questionnaire. The measurement errors that could have arisen from this 
include recall error, social desirability biases and item non-response (Bhopal, 2008). 
The item non-response in the questionnaire was minimal and, where there were 
missing data, this has been disclosed in the Tables throughout the Results section. In 
all Tables, the cross-tabulations by education level and SES groups were missing data 
on 15 and 17 recruits respectively; however, since this is less than 2% of the sample, 
it is unlikely to have influenced the findings. For the OHIP-14 tables, there were 
missing data for 26 recruits; again, as this comprises less than 3% of the sample, it is 
not thought to have biased the findings. 
 
Previous New Zealand research has shown an association between socioeconomic 
status and dental caries experience in young adults (Ministry of Health, 2010a). 
However, this was not the case in the present study, which found no clear association 
between SES and dental caries experience, as measured by recruits’ occupation. 
Determining an appropriate SES measure for young adults is difficult due to all the 
changes and transitions at that time of life. Socioeconomic status was measured by 
two methods in this study: self-reported previous occupation; and the highest level of 
education attained. For measuring occupation, the NZSEI-13 (Fahy et al., 2017) was 
used, which allocates a SES score to each occupation. The NZSEI-13 is an 
internationally comparable measure with a clear conceptual model that uses the 2013 
Census data. Although it may not be of significance, it should be noted that the 
NZSEI-2013 was developed using data from part-time or full-time workers aged 
between 21–69 years. This study’s participants are much younger with age range 
starting from 17 years, and many participants coming straight from school. Another 
limitation of this method is the difficulty with classifying ‘students’ and 
‘unemployed’ people. Because many recruits had come straight from school or study, 
their occupation was categorised as “Defence Force member” which placed them in 
the medium SES group, and this may not have been a true reflection of their SES. 
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Moreover, this occupation-based method of measuring SES does not acknowledge the 
SES environment of the recruit’s childhood and adolescence, which is likely to have 
had an effect on their accumulated dental caries experience. It may have been better to 
use their last residential address, although this method would also have had 
limitations. Parental occupation could have also been considered, especially as SES 
inequalities related to dental caries experience and tooth loss have been shown to start 
early in life (Thomson et al., 2000a). This method may not be as valid for the older 
recruits who may have left home several years previously. In any case, it was not 
found to be a suitable indicator in a similar study on Australian recruits (Hopcraft and 
Morgan, 2005). 
 
The education measure asked the question “What is the highest level of education you 
attained?” The response categories were Primary School, Secondary School, Trades 
qualification, or Tertiary. Again, given the age of NZDF recruits, it is expected that 
the most common education group would be secondary school, and this may not be a 
true reflection of their SES. It was also noted that not all recruits understood what 
“Tertiary” meant given that several respondents aged 17–19 years circled “Tertiary”. 
In these cases, the category was corrected to “Secondary” because they were not old 
enough to have completed a tertiary qualification. It is not known how many recruits 
older than 20 years were also making this error, and this could have affected the data. 
This issue could have been identified earlier if a pilot of the questionnaire had been 
conducted prior to the study. It would have ensured that the recruits understood the 
questions and that the responses produced accurate data. If this study was to be 
repeated with NZDF recruits in the future, this question should have the response 
categories amended to Primary School, Secondary School, Trades qualification, and 
University qualification. 
 
Another limitation of the present study is the large age range in the oldest age group 
of 25+ years (age range 25 to 59 years). Recruits older than 35 years were uncommon, 
with only 9 in the sample. Older recruits have usually been recruited due to having 
unique skills, such as being a doctor or musician. It was decided to include these older 
participants in the study so that the whole range of recruits was considered, although 
including those particular 9 may have made the reported oral disease experience of 
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this age group more severe due to the cumulative nature of dental caries and 
periodontal disease. 
 
5.2. Findings of the Study 
This section will explain the study findings and put them into the context. Comparing 
the findings of the current study to other oral health research on New Zealand young 
adults and relevant overseas studies (of similar design) on defence force recruits 
allows insights into the oral health status of the recruits. It has also identified 
important influences on OHRQoL in NZDF recruits. 
 
5.2.1. Sociodemographic Characteristics 
The final sample consisted of 874 recruits out of an eligible 1052, giving a high 
participation rate of 83.1%. Male recruits predominated at 80.2%. Since Logan et al 
(2009a) study, the numbers of female recruits have risen. In their study, the female: 
male ratio was 8:1 while it was 5:1 in the present study. Recently there has been a 
change in the female-to-male ratio, in particular in the Navy, as seen in this study 
(even with data being affected by non-respondents). There is anecdotal evidence  that 
positive recruiting targeting females may be starting to show. However, we need to 
further study whether this is actually the case over the next 5 years. 
 
The great majority of the recruits (88.3%) were aged between 17 and 24 years. In the 
2018 Census1, New Zealanders aged between 17 and 24 years made up 10.7% of the 
New Zealand population. Over one in five (22.2%) of the recruits were Māori; the 
proportion of Māori among female recruits was higher, with over one in four (29.5%) 
of female recruits being Māori. The proportion of Māori in the total New Zealand 
population is 16.5%, but for the age range of 17–24 years the proportion of Māori is 
higher at 21.0% according to the 2018 Census1 data. Population estimates indicate the 
Māori ethnic population is growing, and that this is due to Māori having high birth 
 
1 Stats NZ website.  
https://www.stats.govt.nz/tools/2018-census-place-summaries/new-zealand#ethnicity-
culture-and-identity. Accessed 20 April 2020. 
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rates and a younger Māori age structure2. Hence, the current sample’s Māori and non-
Māori composition of 22.2% is close to that of New Zealand young adults. Young 
adults and especially Māori young adults tend to have a low participation rates in 
epidemiological studies and so are not adequately represented in dental studies. For 
example, in the 2009 NZOHS (Ministry of Health, 2010a), only 168 participants aged 
between 18 and 24 years had dental examinations; that was 5.3% of the sample. 
Although the proportion of Māori in this age group was not reported, given that 18% 
of the whole sample were reported to be Māori, approximately only 30 participants 
were likely to be Māori in the young adult age group of 18 to 24 years. At 194 Māori 
recruits, this study may have the largest number of Māori young adults ever to 
participate in oral health research. 
 
Over three-quarters of recruits’ highest level of education was primary or secondary 
school level. This most likely reflects their age and that many recruits had come to the 
NZDF as school leavers. Using SES measured from their previous occupations, only 
one in eight (11.7%) were in the high SES category. This proportion was higher 
among the females. Problems with measuring SES in this young adult age group have 
previously been discussed. 
 
Army recruits made up 60.1% of the sample, followed by the Navy at 28.1% and the 
Air Force at 11.3%. The proportion of females in the Navy was significantly higher at 
nearly 30% and lowest in the Army at nearly 15%. There are currently 4731 NZDF 
personnel aged between 18–29 years in New Zealand (excludes those based 
overseas). The proportion of young adult females in each service is very similar to the 
current study; it is highest in the Navy at 28%, followed by the Air Force at 23% and 
lowest in the Army at 14% (L Foster Page, personal communication, May 4, 2020). 
 
In summary, the sociodemographic findings show that, while this is not a 
representative sample of New Zealand young adults (due to the low female 
proportion), it is representative of young adults recruited to the NZDF. The Māori 
ethnic proportions are similar to the New Zealand Census data for the young adult age 
 
2 Stats NZ website. 
http://archive.stats.govt.nz/browse_for_stats/people_and_communities/maori/maori-
population-article-2015.aspx#gsc.tab=0. Accessed 29 July 2020. 
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group, indicating the study may be close to having a representative sample of New 
Zealand young males, excluding those with disabilities and medical problems. The 
highest level of education for the majority of NZDF recruits was secondary school. It 
was found in this study that socioeconomic status is difficult to measure in this age 
group. 
 
5.2.2. Behavioural Characteristics 
Two-thirds of recruits reported being routine users (visit for check-ups), prior to 
joining the NZDF. There was an age group gradient, in that the youngest age group 
(17–18 years) had the highest proportion (80.1%) of routine users and the oldest age 
group (25+ years) had the least (41.8%). There were also sex differences, with over 
three-quarters of female recruits and less than two-thirds of male recruits being 
routine users. Interestingly, there was a difference in routine visiting by service, with 
those in the Air Force having the highest proportion (77.5%), followed by the Navy 
(66.9%) and then the Army (63.8%). Although not analysed in this study, it may be 
due to the different service arms attracting recruits from different backgrounds. 
 
The importance of visiting a dental professional has been shown in the DMHDS, 
where visiting for check-ups was associated with better oral health (Thomson, 2001; 
Thomson et al., 2010; Crocombe et al., 2012). In the USA, Harris et al. (2006) found, 
in a nationally representative sample of adolescents followed into adulthood, that their 
health worsens in young adulthood, because they are less likely to eat breakfast, 
exercise, or get regular physical and dental check-ups, and are more likely to eat fast 
foods, contract sexually transmitted diseases, smoke cigarettes, use marijuana, and 
binge drink. Healthy young adults are beneficial to society, since having healthy, 
productive, and skilled young adults is important for the future workforce. Low dental 
service utilisation among young adults (in New Zealand and internationally) has been 
reported for some time and is a concerning problem (Roberts-Thomson and Stewart, 
2003; Ministry of Health, 2010a). The 2009 NZOHS observed even lower rates of 
routine visiting in young adults than in the current study. The 2009 NZOHS data, like 
the present study, showed an age group gradient with 47.2% of those aged 18–24 
years and 34.5% of those aged 25–34 years being routine users (Ministry of Health, 
2010a). The DMHDS observed a fall in routine visiting with age; they found that the 
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prevalence of routine visiting in the cohort fell from 82% at age 15 to 28% by age 32 
(Thomson et al., 2010). The 2018/19 National Health Survey observed that 46.6% of 
adults had seen a dental professional in the previous 12 months but, for the age groups 
18–24 years and 25–34 years, it was 38.5% and 32.9% respectively (Ministry of 
Health, 2019). In the USA, a large study of young adults by Lau et al. (2014) found 
that the age group of 18–25 years had lower utilisation, than children and adolescents, 
at 34%.  
 
Similar observations on routine dental visiting were found in a study on Australian 
recruits, where just fewer than two-thirds reported that their last dental visit was for a 
check-up. The study also reported differences in the last dental visit for check-up by 
age group, whereby the youngest age group of 17–25 years had the highest prevalence 
(68.6%), the 26–30 year age group had the lowest prevalence (44.1%), and the oldest 
recruits aged 31–35 had the second lowest prevalence (48.6%). There was also 
significantly lower dental caries experience among those recruits whose last visit was 
for a check-up, than those recruits whose last visit was for a dental problem (Hopcraft 
et al., 2009). 
 
The lower number of recruits routinely visiting the dentist in the older age groups is 
likely to be partly due to cost. Young adulthood for many is a time of life when 
disposable income is low and dental health may not be a high priority. Over 90% of 
the recruits had accessed the State-funded dental care between the ages of 13–18 
years. Because over 60% of recruits were aged between 17 and 20 years, it is possible 
the majority of these had their last routine visit while it was still at no cost to them 
under the AOHS. It is pleasing to see that so many of the recruits reported accessing 
the AOHS, although we do not know whether they were accessing the scheme 
regularly or sporadically due to the wording of the question. However, the findings 
suggest that there is a considerable attrition in routine attendance after losing 
eligibility for the AOHS at age 18, as was found in the DMHDS (Thomson, 2001). 
When young adults no longer receive dental care, free of charge, there is a risk that 
they then do not seek dental care again until they experience a problem. 
 
Just fewer than three-quarters of recruits had made a dental visit in the last 24 months. 
There were differences in time since their last visit by age group, with nearly 90% of 
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recruits aged 17 to 18 years old visiting a dentist in the last two years, whereas only 
half the recruits aged 21 to 24 years old had done so. As with routine dental visiting, 
leaving the State-funded AOHS, and cost is likely to be a factor in why some recruits 
had not visited in the last 24 months. The 2009 NZOHS found for adults that the two 
main reasons for not visiting a dental professional in the previous year were (1) that 
they either had no dental problems, or (2) they had not visited due to cost (Ministry of 
Health, 2010a). 
 
As with the current study, sex differences in regular dental attendance are a common 
finding, with rates being lower among males in many studies. In the DMHDS at age 
26 years, a higher proportion of females than males were regular dental attenders 
(Thomson, 2001). The 2009 NZOHS found that nearly 50% of females last visit to a 
dental professional was for a check-up, whereas it was 46% for males (Ministry of 
Health, 2010a). 
 
Most recruits (77.0%) brushed their teeth at least twice a day. There was a marked sex 
difference, with nearly 90% of female recruits doing so, while only three-quarters of 
male recruits did. Only one in five recruits were daily flossers. There were age group 
differences in flossing, with the highest proportion of daily flossers (43.0%) being in 
the oldest age group (25+ years) and the lowest proportion (17.9%) in the group aged 
19–20 years. The current study had a higher prevalence of twice-daily tooth brushing 
than the 2009 NZOHS, which found that fewer than two-thirds of young adults aged 
18–24 years did. It also observed that fewer men did so. The 2009 NZOHS found that 
Māori were significantly less likely than non-Māori to brush their teeth at least twice 
a day. The current study also found that fewer Māori recruits brushed at least twice a 
day, although this finding did not meet the statistical significance threshold (Ministry 
of Health, 2010a).  
 
In summary, there were a high proportion of recruits who reported being routine users 
(usually visit for check-ups), but that was considerably lower in the older age groups. 
This may reflect that, after leaving the State-funded Adolescent Oral Health Scheme 
and then having to pay privately for dental check-ups, cost is a strong barrier to dental 
attendance in this age group. Most recruits did brush their teeth at least twice daily; 
while this was a greater percentage than found in the 2009 NZOHS, the message of 
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tooth brushing twice a day should be reinforced for the 23.0% of recruits who do not 
currently do so (Ministry of Health, 2010a). 
 
5.2.3. Dental Caries 
Dental caries prevalence was high; only 30.2% of recruits were caries-free. Although 
difficult to compare, the current studies percentage caries-free was better than 
observed ten years earlier in the 2009 NZOHS, where 22.7% of young adults aged 
18–24 years were caries-free (Ministry of Health, 2010a). It is also better than a 2008 
study of Australian Army recruits, where it was reported that nearly one-quarter were 
caries-free (Hopcraft et al., 2009).  
 
Female recruits had higher dental caries experience than males; with just over three-
quarters of the female recruits having a DMFT of one or more, while it was two-thirds 
among male recruits. Female recruits also had 0.7 higher mean DMFT and 1.0 higher 
mean DMFS than male recruits. This sex difference in dental caries experience is 
consistent with other findings, such as the 2009 NZOHS and Australian Army recruits 
in 2008, which both showed higher dental caries prevalence and experience in female 
participants (Ministry of Health, 2010a; Hopcraft et al., 2009). The reasons for the 
observed higher dental caries experience among females remain unknown, but some 
possible theories include: (1) earlier tooth eruption in females, thereby exposing teeth 
to an ‘at-risk’ oral environment for longer; (2) female cultural roles meaning that they 
are more likely to be preparing and having access to food, which could lead to more 
frequent snacking; (3) females being better dental attenders, which may, in turn, lead 
to the F component being higher; or (4) it may just be a chance finding (Ferraro and 
Vieira, 2010; Thomson, 2001).  
 
Concerning ethnic inequalities in oral health in New Zealand have been reported 
previously (Hunter et al., 1992; Ministry of Health, 2010a). This study also shows the 
pattern of dental caries experience being higher among Māori recruits than non-
Māori. Māori recruits had a 1.2 higher mean DMFS and a 0.7 higher mean DMFT 
than non-Māori recruits. This study is 10 years after the 2009 NZOHS, which also 
showed a similar ethnic difference, whereby Māori young adults aged 18–24 years 
had a 0.6 higher mean DMFS and a 0.7 higher mean DMFT than their non-Māori 
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counterparts (Ministry of Health, 2010a). The findings of this study suggest that 
ethnic inequalities persist in young adults despite their having had access to a 
universal State-funded oral health scheme up to the age of 18 years. 
 
It is an established finding that dental caries experience increases as people age, since 
it is a chronic and cumulative disease, and the DMFT/S is a measure of both past and 
present dental caries patterns (Bernabe and Sheiham, 2014). Dental caries experience 
in the current study showed a clear and consistent pattern whereby it was lowest 
among the youngest group, and greatest in the oldest group. There were higher dental 
caries experience in older age groups, with threefold higher mean DMFS in the 25+ 
age group than in the youngest age group. A 2008 Australian Army recruits study also 
found that their oldest recruits aged 31–35 years old had a mean DMFT more than 
twice that of the youngest recruits aged 17–20 years old (Hopcraft et al., 2009). The 
current study’s finding that DMFT/S scores were higher in older age groups is 
consistent with the DMHDS finding that the dental caries increment is constant 
through life (Broadbent et al., 2013). 
 
Experience of untreated dental caries was moderate in this study, with just over a 
quarter of recruits having one or more decayed tooth surfaces and a mean of 0.9 
decayed surfaces per recruit. The 2009 NZOHS showed similar findings, with the 
young adult age group (18–24 years) also having a mean of 0.9 decayed surfaces 
(Ministry of Health, 2010a). The mean 0.9 decayed tooth surfaces in this study 
suggests most untreated decay would involve only one tooth surface and may be able 
to be treated by a Dental Therapist with an adult scope, which could have future 
implications for workforce recruitment in the Defence Dental Service. 
 
Although the difference was not statistically significant, the Army recruits had the 
highest mean number of decayed teeth, followed by the Navy and then the Air Force. 
The Navy had the highest mean number of filled teeth, followed by the Army and 
then the Air Force. The Air Force recruits consistently had the lowest dental caries 
experience. This difference in dental health between services within the armed forces 
has also been shown overseas. A 2010 study of new recruits to the British Armed 
Forces found that the Army recruits had a significantly greater prevalence of dental 
decay and required greater treatment resources than the other two services. The 
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authors thought that this might reflect the different SES background from which each 
service is drawn (Elmer et al., 2011). Similar to the British study, the Air Force 
participants in the current study were all officer cadets, and therefore more likely to 
come from a higher SES background.  
 
The overall prevalence with teeth missing due to dental caries was extremely low, at 
3.1%. It was highest in the oldest recruits (25+ years) and those from a 
vocational/trade educational background. The 2009 NZOHS found a higher rate of 
missing teeth than this study, with 8.8% of participants aged 18–24 years having one 
or more teeth missing due to pathology (Ministry of Health, 2010a). 
 
Cross-sectional studies such as this one repeated over time can show trends in dental 
caries experience. Despite the risk of comparing data from different sources, a 
comparison with the previous NZDF dental studies shows a clear decline in dental 
caries experience along with fewer missing teeth over time. In 1952, the mean DMFT 
was 18.4, with 7.0 of this comprising of missing teeth (Davies, 1953). In 1958, the 
mean DMFT was reported to be similar but with a reduction in the missing 
component and an increase in the filled component (Davies, 1959). It is worth noting 
that this data collection was done without the use of posterior bitewing radiographs, 
and so it was likely to be under-representing the dental caries experience of that time. 
 
In a more recent (2004-2006) NZDF dental study, the DMFT index was not used, thus 
making comparisons with this study difficult. However, Logan and co-authors 
reported low numbers of missing teeth among the new recruits, with the average 
being 1.4 (including third molars), and with 0.8 of that 1.4 being attributed to missing 
third molars (Logan et al., 2009a). The mean DMFT of all the recruits in the present 
study was 3.0, made up of 0.6 decayed teeth, 0.0 missing teeth, and 2.4 filled teeth. 
The 2009 NZOHS reported slightly higher values for the 18–24-year age group, with 
a mean DMFT of 3.7, including 0.8 decayed teeth, 0.3 missing teeth, and 2.7 filled 
teeth (Ministry of Health, 2010a). 
 
Relative to overseas studies of Defence Force recruits (shown in the literature review, 
Table 1), it is pleasing to see that the current study’s dental caries prevalence and 
severity is at the lower end of the reported range. The data are similar to those from a 
 81 
2006 study of Swedish Army recruits, where recruits had a mean DMFT of 3.1, and 
27.9% were caries-free (3.0 and 30.2% respectively in the current study) (Menghini et 
al., 2010). 
 
The decline in dental caries experience and missing teeth in the NZDF over the last 70 
years is similar to that seen in Australian Army recruits (Hopcraft and Morgan, 2003b; 
Hopcraft and Morgan, 2005; Hopcraft et al., 2009). The Australian Army recruits 
studies showed a decline in dental caries experience from 1996 to 2003. However, 
from 2002–2003 to 2008, there was an increase in dental caries experience for those 
aged 17–25 years (Hopcraft et al., 2009). Hopcraft and Morgan (2006) reported that 
dental caries were found predominantly on molar occlusal surfaces, with higher rates 
in approximal surfaces of posterior teeth in older recruits. Their caries experience was 
lowest in the youngest age group and highest in the older age group. The authors 
proposed that dental caries experience may be being delayed until later in life but 
recommended that a longitudinal study investigate this. 
 
A 2002 study of young adults in South Australia aged 20–25 years found a slightly 
higher dental caries experience than the current study, with a mean DMFS of 6.1 and 
28.6% of participants having untreated dental caries present. They identified risk 
factors for higher DMFT scores as: the usual reason for visiting being for a problem; 
visiting a public clinic; being on a government benefit; and dental visiting in the 
previous two years (Roberts-Thomson and Stewart, 2008). 
 
In summary, although dental caries data in the current study compare favourably with 
overseas recruit studies, it was found that a quarter of recruits had one or more tooth 
surfaces with untreated decay and would require restorative work to be considered 
‘dentally fit’ for deployment. Only 30.2% of recruits had no previous dental caries 
experience. In concordance with other New Zealand dental caries research, the dental 
caries data presented in this study showed higher dental caries experience among 
females, Māori, and older recruits. 
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5.2.4. Periodontal Disease 
PSR scores of 0 (healthy) were uncommon in the sample, with only one in eight 
(13.2%) recruits scoring healthy in all six sextants. The most common highest score 
was the PSR score 2 (calculus), seen in two-thirds (66.2%) of recruits. The prevalence 
of periodontal pockets was extremely low, at only 3% of the recruits. As would be 
expected given the cumulative nature of periodontal disease, there was a clear 
gradient in calculus and periodontal pocketing by age group, with those in the oldest 
age group having the most. Studies with which to compare periodontal disease 
findings in young adults in New Zealand are scarce. Those that are available are the 
national oral health surveys and the DMHDS, none of which are in the last decade; 
they also used different approaches to measuring periodontal disease, meaning that 
comparisons can be made at a cursory level only. The current study’s prevalence of 
periodontal pocketing was much lower than in the 2009 NZOHS, where 21% of the 
18–24 age group had one or more periodontal pockets of 4mm or deeper (Ministry of 
Health, 2010a). The DMHDS found that periodontitis was well established in a 
minority of participants, with 15% of participants at age 26 having one or more sites 
with greater than 4mm probing depth, whereas 8% of recruits in the age group 25+ 
years in the current study had one or more sites with greater than 3.5mm probing 
depth (Thomson et al., 2000b).  
 
Epidemiological research has generally shown males to have more periodontal 
disease experience than females (Oliver et al., 1998; Zeng et al., 2014). Females tend 
to be more diligent at oral hygiene practices, have greater oral health awareness, and 
see a dental professional more often for preventive care than males (Broadbent et al., 
2011; Ministry of Health, 2010a). This study found that female recruits had slightly 
less periodontal pocketing and calculus than in male recruits, (although the difference 
was not statistically significant). 
 
It was noteworthy that there were significant differences in periodontal status among 
the services, with the Army having the highest prevalence of periodontal health at 
17.7%, followed by the Air Force at 9.7%, and the Navy at 5.0%. However, when 
analysing the prevalence periodontal pockets, the Army recruits were still the 
healthiest with only 2.4%, but the Navy followed this at 3.3% and then the Air Force 
at 4.9%. The differences in periodontal status by service may be due to age 
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differences in their respective recruits; although this was not analysed, the Air Force 
recruits may be more likely to join after studying at university, whereas the Army 
recruits are more likely to be entering straight from school. Not calibrating examiners 
in the PSR may also have affected differences between the services; calibrating would 
have ensured that consistent clinical judgements were being made at all the different 
locations. Both calibration and replicate examinations (for both intra-examiner and 
inter-examiner reproducibility) would have greatly improved the reliability and 
validity of the PSR data (World Health Organization, 1997).  
 
Very few of the overseas Defence Force recruit studies have reported on periodontal 
disease status. Although difficult to compare because of different methodology, this 
study’s findings were similar to those from a 2006 study of Swedish Army recruits, 
which reported that 3.8% of recruits aged 18–24 years had one or more 5+mm 
periodontal pocket (Röthlisberger et al., 2007). A 2004 study of Israeli recruits aged 
between 18 and 30 years found a relatively high prevalence of periodontal disease, 
with 20.1% having at least one or more 5+mm periodontal pocket and 5.9% being 
diagnosed with aggressive periodontitis. The Israeli recruits did have a high 
prevalence of current smokers (39.9%); those who smoked and those of North African 
origin had a higher prevalence of aggressive periodontitis (Levin et al., 2006). A 2000 
study of 500 military personnel in North Carolina (USA) used the PSR to evaluate 
periodontal status. They found that only 0.4% of their military personnel were 
disease-free in all six sextants, and 18% had at least one sextant with periodontal 
pockets. Similar to this study, they observed a clear age gradient, with the youngest 
age group (18–24 years) having nearly 8% with periodontal pockets and the oldest 
age group (45–54 years) having 50% with periodontal pockets. There were ethnic 
differences, with African American and Hispanic personnel twice as likely to have 
periodontal pockets (Covington et al., 2003). A more recent study of US Army 
recruits (conducted in 2008), which was weighted to be representative of all US Army 
recruits, found the prevalence of periodontal pockets to be 10%, and that nearly 90% 
of recruits had the worst PSR score of 2 or lower (Moss, 2011). 
 
In contrast to the Israeli and the US military studies, the current study of NZDF 
recruits did not find any significant ethnic differences in periodontal disease 
experience, although this finding is in contrast with those from the 2009 NZOHS, 
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whereby Māori adults had a higher prevalence of periodontal pockets and loss of 
attachment. Moreover, the 2009 NZOHS showed an ethnic difference for periodontal 
disease experience in the young adult age groups, with 30.2% of Māori aged 18–24 
years having one or more pockets greater than 4mm, whereas it was only 18.6% for 
non-Māori (Ministry of Health, 2010a). 
 
In summary, the prevalence of periodontal pocketing was generally low, but the need 
for complex periodontal treatment differed by age group, with the older recruits 
having the most periodontal pocketing. Most recruits had either bleeding on probing 
and/or calculus and required some type of periodontal treatment; however, the 
majority of this periodontal treatment needed for the NZDF recruits fell within the 
clinical practice scope of dental hygienists. 
 
5.2.5. Smoking 
It is pleasing to see that the number of current smokers in this study was extremely 
low, at 5.8%. In New Zealand, according to the 2018/19 New Zealand Health Survey, 
the overall number of smokers aged 15 years and over was 14.2%, and in the 18–24 
age group it was 19.2%. That survey found that, after adjusting for differences in sex 
and age, Māori adults were 2.7 times more likely to smoke than non-Māori adults 
(Ministry of Health, 2019). Smoking in the current study also showed an ethnic 
difference with smoking prevalence highest among Māori recruits (11.0%) and lowest 
among non-Māori (4.4%). The low smoking prevalence in this study highlights that 
the study’s cohort is likely to be healthier than the general population from which it is 
drawn. 
 
There was also a gradient by occupationally derived SES group, with the low SES 
recruits having had the highest prevalence of smoking, and recruits with high SES 
having the lowest. Interestingly, those recruits whose highest level of education was 
vocational/trade had nearly four times the prevalence of smoking than those who had 
been tertiary educated. This would be an interesting research topic for the NZDF to 




Tobacco smoking is an important risk factor for periodontitis (Oliver et al., 1998; 
Rivera-Hidalgo, 2003; Thomson et al., 2007; Zeng et al., 2014). The DMHDS used a 
longitudinal approach to categorising exposure to cigarette smoke and reported that 
smoking which persisted through adolescence and into adulthood doubled the 
likelihood of periodontitis occurring by age 26 years (Hashim et al., 2001). Following 
the DMHDS cohort to age 32 years found those who had been chronic smokers at all 
follow-up ages had five times the odds of being an incident periodontitis case between 
the ages of 26 and 32 years. However, the authors also showed that those who had 
ceased smoking after age 26 years had periodontitis prevalence which was almost as 
low as in those who had never smoked, suggesting an improvement in periodontal 
health (Thomson et al., 2007). This reinforces that smoking cessation messages are 
important in the young adult age group, since the periodontal benefits—as well as 
general health benefits—can be substantial. In the current study, nearly 80% of the 
current smokers had calculus present, whereas only 65% of non-smokers did. Former 
smokers had the highest proportion of periodontal pockets at 7.6%, whereas only 2% 
of those recruits who had never smoked had periodontal pockets. This difference in 
periodontal pocketing prevalence by smoking status may be due to former smokers 
being more likely to be older; the cumulative nature of periodontal disease means that 
they are therefore more likely to have periodontal pockets. The smoking question 
asked in the survey provided limited information, and there was no information on the 
history of smoking, such as length of smoking habit, and quantity of cigarettes 
smoked, for former and current smokers. 
 
In this study, both current and former smokers had a lower prevalence of bleeding on 
probing being the highest score by sextant than non-smokers. However, the 
hierarchical nature of the PSR index means that calculus and pocketing ‘trumped’ the 
bleeding on probing score. Accordingly, it is not possible to say how many recruits 
had bleeding as well as calculus or pocketing, and so the data are not informative. 
Many studies have shown that smokers have less bleeding on probing than non-
smokers (Bergström et al., 1988; Rivera-Hidalgo, 2003). It is thought that the 
vascularity of the gingiva is reduced in smokers, resulting in a poorer inflammatory 
response to plaque and so less plaque-associated gingivitis (Bergström et al., 1988). 
This in contrast to the DMHDS, which found at age 32 similar levels of bleeding on 
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probing in smokers and non-smokers in high, medium, and low plaque trajectory 
groups (Broadbent et al., 2011). 
 
In a 2011 large study of 8537 Finnish recruits, nearly 40% of new recruits were 
smokers and this was associated with high dental caries experience and bleeding 
gums (Tanner et al., 2014; Tanner et al., 2015). In a 2002 large study of US soldiers, 
32% were considered to be high-tobacco-risk and had 20-30% higher odds of being in 
a higher dental fitness category (3 or 4) and not deployable than those who did not 
smoke (Byrappagari et al., 2006). A Croatian recruit study found that 63.8% were 
smokers, and that they were less likely to be ready for combat and had a higher 
percentage of periodontal problems than the recruits who did not smoke (Zajc et al., 
2011). 
 
Tobacco use in all forms is a known major risk factor for oral and pharyngeal cancers 
(Johnson et al., 2011). This study asked only about smoking. However, in future 
similar surveys, a question about all types of tobacco and nicotine use (such as 
smokeless tobacco, vaping and chewing tobacco) could be included. The NZDF 
dental service is an excellent place for assessing tobacco use and providing 
information on tobacco risk and cessation services. It should be a goal of the NZDF to 
not just reduce this low smoking prevalence even further, but also to ensure that 
NZDF recruits do not take up smoking after enlistment.  
 
5.2.6. Third Molars 
The reported age at eruption for third molars can differ by ethnicity, but it is generally 
thought to be between the ages of 17 and 24 years, with root formation nearly always 
complete by age 30 years (Rantanen, 1967; Hugoson and Kugelberg, 1988). Third 
molars are a concern to the NZDF because the age group most affected comprises a 
large proportion of its workforce. Given that more than one-third of the current 
recruits were under 19 years, it is likely that their third molars are still undergoing 
root formation and have eruptive potential. In this study, nearly 90% of recruits had 
one or more third molars, and nearly 60% had at least one third molar that was 
unerupted or partially erupted and impacted. Nearly half of the mandibular third 
molars present were unerupted or partially erupted and impacted. Kruger et al. (2001) 
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found in the DMHDS at age 18 years that 95.6% of participants had one or more third 
molars present. Of third molars present in the maxilla and mandible, 15% and 20% 
respectively, had erupted. On follow-up at age 26 years old, apart from third molars 
known to have been horizontally impacted at age 18, a substantial proportion of other 
impactions types had erupted fully by age 26. Given the age of the current study’s 
sample, it is likely that, with time, some of those unerupted and partially erupted third 
molars will erupt in due course. 
 
Unfortunately, it was not possible to determine whether a missing third molar was 
congenitally missing or had been previously removed. In future studies of this 
population, it would be helpful to ask recruits whether they had any wisdom teeth 
previously removed, and, if so, which teeth had been removed. This could then be 
cross-checked with clinical and radiographical observations in order to improve the 
accuracy of the third molar data.  
 
The current study showed a clear and consistent gradient by age group for both the 
prevalence and mean number of third molars, with the youngest recruits having a 
higher proportion of third molars present and a higher mean number of them than the 
older recruits. This is most likely due to the latter already having had their third 
molars removed. A Finnish study of 876 conscripts (mean age 19.9 years) found that 
at least 10% reported that one or more third molars had been previously extracted 
(Rajasuo et al., 1993). Another study of Finnish university students aged 19 to 26 
years found that 16.2% had one or more third molars previously extracted and 76.6% 
had one or more unerupted third molars present (Peltola, 1993).  
 
The impaction rate for third molars is higher than for other teeth. The current study 
found the most common type of impaction in the mandibular third molars was 
mesioangular (27.4%), followed by vertical (10.3%), horizontal (9.2%) and 
distoangular (1.2%). The DMHDS also found mesioangular impactions to be the most 
common mandibular third molar impaction state with 63% at age 18 years (Kruger et 
al., 2001).  
Problems and impaction with third molars are commonly encountered in dental 
clinical practice; in some cases, they can cause sudden and severe pain that, if left 
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untreated can lead to a life-threatening infection. In this study, any third molar that 
was unerupted or partially erupted and had an impaction code of mesioangular, 
vertical, distoangular or horizontal was assumed to have an unknown possibility of 
causing problems, and therefore categorised as ‘potentially problematic’. The 
prevalence of one or more potentially problematic third molars was nearly 60%, and 
this was highest in the youngest age group, those from the medium or low SES 
groups, and in the Army and the Navy recruits. The tooth prevalence of having been 
categorised potentially problematic was 30% (1051 teeth) of all the third molars in the 
sample; that is, 30% of all observed third molars were in that category. The majority 
of these were mandibular third molars, with 47% of those identified as being 
potentially problematic, whereas only about 13% of maxillary third molars were. If all 
of these potentially problematic third molars were prophylactically removed, it would 
be at a significant cost and demand on resources for the NZDF dental team to provide 
this treatment for each yearly cycle of recruits.  
 
The current study’s analysis of “potentially problematic” third molars did not include 
third molars that were partially erupted or unerupted that had a code of “not 
impacted”. These “not impacted” third molars were in the vertical category where the 
third molar was partially erupted or unerupted and there was enough room for it to 
erupt. The young age of the recruits and the fact these teeth were still erupting meant 
that it was felt to categorise them as “vertical” impactions would have been 
misleading. However, this may have led to an underestimation of the number of 
“potentially problematic” teeth there were in the sample, since any tooth that is 
erupting could cause an episode of pericoronitis.  
 
The rationale behind prophylactic extraction of third molars is to prevent future 
problems occurring with these perceived potentially at-risk teeth. However, not all 
third molars will cause problems, in fact some may erupt in the future, and the risks of 
removing these teeth also need to be considered. The problem is identifying which 
third molars are more likely to cause future problems to the recruit, especially if the 
recruit is on deployment. 
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Impacted teeth may remain asymptomatic, but this does not necessarily mean the 
absence of disease. Thus, third molars should be assessed on both symptoms and 
disease status. Some of the disease status with which third molars can be associated 
are pericoronitis, dental caries, periodontal defects, cysts, tumours, and root resorption 
(of adjacent teeth; Dodson, 2012). However, removal of third molars is not without its 
problems as well. Symptoms and complications associated with removal of third 
molars can be pain, swelling, bleeding, trismus, alveolar osteitis, osteomyelitis, 
adjacent tooth injury, oro-antral communication, and nerve damage. We also need to 
consider the other impacts of removing third molars such as, the financial costs to 
patient and healthcare providers, and days off work (Mettes et al., 2012). 
 
The decision on when to remove an impacted third molar is difficult, and there is 
much debate in the literature (Mettes et al., 2012; da Costa et al., 2013; Hyam, 2018). 
Many researchers have questioned the need for removing impacted third molars that 
have been asymptomatic. The current National Institute for Health and Care 
Excellence (NICE) guidelines on the extraction of third molars, published in 2000 
(and currently under revision), recommend that the prophylactic removal of 
pathology-free impacted third molars should not be undertaken. They also 
recommend that one episode of pericoronitis is not an indication for removal of third 
molars (unless it was severe). A 2012 Cochrane review stated: “There is no evidence 
from randomized controlled trials, that prophylactic removal of asymptomatic third 
molars prevents painful and/or infection complications arising from retention of these 
third molars.” (Mettes et al., 2012). The American Association of Maxillofacial 
Surgeons (AAOMS) position statement on third molars management says: 
“Predicated on the best evidence-based data, third molar teeth that are associated with 
disease, or are at high risk of developing disease, should be surgically managed. In the 
absence of disease or significant risk of disease, active clinical and radiographic 
surveillance is indicated”. The AAOMS statement supports the view that each 
individual needs to be assessed and that each case is different (AAOMS, 2016). 
 
Since the NICE guidelines were published in 2000, the British military found that, in 
720 personnel (who were less than 20 years old on enlistment and had at least five 
years’ service) the median age at extraction increased from 23 years to 25 years after 
incorporation of the NICE guidelines into their clinical practice. They also found after 
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using the NICE guidelines that the number of third molar extractions with no 
documented indication reduced by 26%, and that a higher proportion of third molars 
were extracted due to dental caries (Pepper et al., 2016). 
 
Dental morbidity in deployed NZDF personnel has not been reported on in the 
literature, but it would be helpful when creating guidelines and planning. Pericoronitis 
associated with lower third molars is a serious ‘non-battle’ injury in military 
operations and can be hard to predict. A study of American military personnel on 
deployment in Oman in 2002 found that pain associated with a third molar was the 
second most common cause of a dental emergency, accounting for 19.3% of initial 
visits, and treatment usually involved surgical extraction (Dunn, 2004). Combes et al. 
(2010) studied the third molar complaints of British military personnel serving in the 
Afghanistan and Iraq war zones over a 23-month period between 2007 and 2009, in 
which 303 personnel presented, and of these 84.4% were due to pericoronitis. Most of 
the pericoronitis cases were associated with lower third molars, with 69% from 
vertically impacted lower third molars, followed by mesioangular at 23%, 
distoangular at 5%, and horizontal impactions at 3%. In nearly 30% of pericoronitis 
cases, there was evidence of previous problems in the military dental records. Access 
to care was also an issue, with about 28% needing to travel to receive care, and 70% 
of these required transport by helicopter. The findings from this British military study 
support creating a military-specific third molar policy that minimises morbidity while 
also reducing the need for unnecessary surgery.  
 
Another British military study, by Combes et al. (2019), compared dental emergency 
data over an 18-month period (May 2011 to October 2012) for those deployed on 
Operation Herrick in Afghanistan and a one-week period in 2012 for personnel who 
were non-deployed at ‘home base’. Pericoronitis associated with third molars was 
seen in 12% of deployed and 13% of the non-deployed personnel. Similar to the 
previous 2007–2009 study, 50% of the cases had no previous symptoms, and close to 
20% had two or more previous episodes of pericoronitis (Combes et al,, 2010; 
Combes et al., 2019). Interestingly, deployed personnel were 2.4 times more likely to 
have the third molar causing pericoronitis extracted immediately, suggesting that it is 
important not to delay treatment on deployment because this may cause unnecessary 
high-risk travel and compromise operational effectiveness. This highlights the 
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importance of NZDF dentists who are likely to be deployed needing to be skilled in 
minor oral surgery.  
 
The decision to remove a third molar should always be based on a risk-versus-benefit 
analysis, along with clinicians’ experience and patient values. It is important that the 
recruit is part of the decision-making and is fully informed, especially when there are 
minimal or no existing symptoms or disease status. Cohen et al. (1990) conducted a 
survey using hypothetical questions with 100 US Navy personnel who had one or 
more third molars removed and were returning for post-surgical review one month 
later. They found that 87% of respondents would prefer to have third molar extraction 
prior to deployment that would make treatment delivery difficult if they had problems 
while away, and 89% would prefer it prior to discharge to civilian life, at which point 
the treatment would no longer be free. The findings suggested a general acceptance of 
prophylactic third molar removal among the sample of US Navy personnel. 
 
Stressful conditions and impaired oral hygiene in combat situations mean that 
pericoronitis rates can be higher than in peacetime (Combes et al., 2010). Along with 
the difficulties of treating NZDF personnel while on deployment, such as the possible 
need to be transported from a high conflict zone, means that a more aggressive 
approach to third molar removal to mitigate risk of dental morbidity is justified by the 
NZDF. The Australian Defence Force (ADF) guidelines incorporate the NICE 
recommendations along with detailed guidance on operational risk and high-risk 
patient categories (Australian Defence Force, 2012). Current policy on third molars in 
the NZDF Defence Dental Service is being reviewed; any new policy most likely will 
not dictate the prophylactic removal of all third molars, but will be more aggressive 
than the NICE guidelines, especially for groups who have a high operational risk 
profile with little or no dental support, for example the Navy and the Special Forces. 
 
5.2.7. OHRQoL 
This NZDF recruit survey used the OHIP-14 multi-item scale as well as Locker’s 
(2001) global oral health question to measure aspects of OHRQoL. These measures 
were combined with sociodemographic and dental health behaviour questions, along 
with clinical data obtained from the NZDF recruits. To the researcher’s knowledge, 
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this is the largest sample of young adults in New Zealand to have had their OHRQoL 
measured. The use of OHRQoL measures is consistent with patient-centred care, and 
including OHRQoL questions in this study allowed the potential of further research 
with this cohort to evaluate the effect on OHRQoL after having dental treatment 
provided by the NZDF (at no financial cost to the recruit). Moreover, conducting a 
further study with this cohort could show whether equal access to dental care can 
improve OHRQoL in young adults and so be helpful for policymakers in New 
Zealand. 
 
Locker’s global oral health question 
This was used in the current study mainly as a concurrent validity check for the 
OHIP-14. The mean OHIP-14 scale and subscale scores across the Locker’s item 
responses did indeed show marked, consistent and statistically significant gradients. 
The prevalence of OHIP-14 scale and subscale impacts by Locker’s item responses 
also showed a similar gradient, except for the subscale of “functional limitation”, 
which was less consistent. These findings validate the OHIP-14 as a useful measure to 
determine how the recruits’ oral health affects their daily lives. 
 
Oral Health Impact Profile 
The mean OHIP-14 score was 7.4, and nearly one in five reported that their oral 
condition had negatively impacted on them in some way “fairly often” or “very often” 
in the last 12 months, thereby affecting their OHRQoL. When comparing the 
observed prevalence of OHIP-14 impacts (18.0%) data with other research on young 
adult data in New Zealand, the findings are similar. The 18–24-year age group in the 
2009 NZOHS had a slightly lower prevalence of experiencing one or more OHIP-14 
impacts at 15.6% (Ministry of Health, 2010a). This slight difference may be due to 
the fact the current sample included 78 recruits who were aged 25 years and over, and 
who had a higher prevalence of OHIP-14 impacts (20.8%). At age 32 in the DMHDS, 
23% of participants reported their oral condition had a negative impact on them in the 
preceding four weeks (Lawrence et al., 2008). This is the highest reported prevalence 
for young New Zealand adults. These slight differences in prevalence may be partly 
explained by the DMHDS cohort being older than the current sample. That study also 
has an exceptionally high participation rate in a representative sample, and therefore 
is more likely to have captured those with the poorest oral health than the 2009 
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NZOHS and the current study (Thomson et al., 2012). This study’s prevalence of 
OHIP-14 impacts (18.0%) was comparable to that observed among young adults in 
Belgium (18.2%; Carvalho et al., 2015), and dentate adults in Australia and the 
United Kingdom (18.2% and 15.9% respectively; Slade et al., 2005). The current 
study’s mean OHIP-14 was 7.4, which was similar to the DMHDS at age 32 years 
(8.0; Lawrence et al., 2008), but greater than the 4.0 observed in the 2009 NZOHS for 
those aged 18–24 years (Fuge, 2012). 
 
There was a consistent age gradient in OHRQoL severity, represented by mean OHIP-
14 scores, with the younger age groups having significantly lower scores than the 
older age groups. After controlling for confounders, this difference between age 
groups was statistically significant for the domains of “physical pain” and 
“psychological disability”. The 2009 NZOHS found that both the prevalence of 
OHIP-14 impacts and mean OHIP-14 scores were highest among middle-aged adults 
(45–54 years), and that the impact of oral health problems on OHIP-14 was less in the 
older age groups (Fuge, 2012). This relationship between age and adverse impacts on 
subjective oral health was also found in nationally representative samples from 
Australia and the United Kingdom and it was independent from the effect of tooth 
loss (Steele et al., 2004). Slade and Sanders (2011) further analysed the data from the 
2004–2006 Australian National Survey of Adult Oral Health and found that the 
experience of oral disease is more detrimental to subjective oral health when it occurs 
early in adulthood, than when it occurs in old age. The authors reflected that these 
age-related findings might be because young and middle-aged adults have higher 
expectations of their oral health, as well as older Australians having greater resilience 
(Slade and Sanders, 2011).  
 
OHRQoL is a complex construct and its measurement involves tapping into different 
domains. The most commonly reported impacts of “fairly often” and “very often” in 
this study were in the domain of “psychological discomfort”, at about one in ten 
recruits. This is where the recruits identified that they felt self-conscious or tense due 
to problems with their teeth or mouth. These findings suggest that issues pertaining to 
the aesthetics of their mouth affects quality of life more in this young adult age group. 
A qualitative OHRQoL study in Swedish young adults found that the appearance of 
teeth and fear of bad breath were important and frequently discussed by participants 
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(Johansson and Östberg, 2015). A Nigerian study on dental aesthetics and OHRQoL 
in 420 young adults found that those with poor dental aesthetics and high orthodontic 
treatment need had more impacts in the domain of “psychological discomfort” 
(Isiekwe et al., 2016). It would have been useful to have a question relating to the 
appearance of the teeth and mouth in the current study, to see whether self-rated 
appearance was associated with the prevalence and severity of OHIP-14 impacts in 
the “psychological discomfort” domain. An example of an appearance question that 
could be included in future similar surveys is the question that was used in the 2009 
NZOHS: “In general, how satisfied are you with the appearance of your teeth, mouth 
or dentures?” (Ministry of Health, 2010b).  
 
The OHIP-14 was first developed for older adults, although it has since been 
validated in a wide range of age groups and cultures (Slade and Spencer, 1994; Slade, 
1997; Broder et al., 2000; de Oliveira and Sheiham, 2004; Lawrence et al., 2008). 
Carvalho et al. (2015) assessed the extent to which clinical oral health conditions 
impacted OHRQoL using the OHIP-14 in young adults from Belgium; they found that 
oral conditions such as dental caries and periodontal disease did have significant 
impacts. Conversely, as oral health conditions are expected to be better in young 
adults than older people, the usefulness of the OHIP-14 in a sample of young Swedish 
adults with low dental caries experience was questioned, although it should be noted 
that the particular study was a pilot study with a small sample size (Oscarson et al., 
2007). One school of thought is that some of the OHIP-14 questions may not be 
applicable to young adults. It has been suggested that the psychosocial concerns 
related to oral health (such as, halitosis and appearance of teeth and structure) and the 
social reactions to oral health (such as, restricted smiling, talking, success at work and 
comfort in social and romantic situations) may be more relevant to young adults 
(Claudino and Traebert, 2013; Daneshvar et al., 2015; Johansson and Östberg, 2015). 
To address these issues, Daneshvar et al. (2015) have developed an OHRQoL 
questionnaire for use among young adults that addresses age-specific self-perception 
issues as well as the physical and social problems caused by poor oral health, but it 
has yet to be validated in other research. 
 
The prevalence of impacts in the domain of “handicap”, meaning that the recruit’s life 
was less satisfying or that they were totally unable to function, was extremely low at 
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1.2%. However, the fact that 10 recruits reported the impact “fairly” or “very often” 
for items in the domain of “handicap” does show, for a few young adults, their oral 
health can be an important determinant of drastically impaired quality of life. 
 
A large number of recruits reported no impacts, indicating a potential ‘floor effect’ if 
the OHIP-14 was to be used in assessing the outcomes of dental care in this sample. 
The mean scores were also relatively low, given the potential range of 0 to 56. Slade 
et al. (2005) suggested that the OHIP-14 is dominated by relatively severe impacts on 
daily life, and that relatively few people in the general population experience the 
severe domains of disability and handicap represented by the model on which the 
OHIP-14 is based.  
 
It has been found in many studies that females report greater impact on their life than 
do males (Ministry of Health, 2010a; Lawrence et al., 2008; Mason et al., 2006). In 
this study, there were no significant sex differences in prevalence and severity of 
OHIP-14 scores and impacts, except for the domain “physical pain”. In this domain, 
female recruits were three times more likely to report impacts than male recruits, and, 
after controlling for confounders in the negative binomial regression, the female 
recruits still had significantly higher mean OHIP-14 scores for that domain. The 
DMHDS found that female participants perceived their oral health at age 32 having a 
greater impact on their OHRQoL than did men, and this was despite the females 
having fewer missing teeth or untreated dental caries lesions than men (Lawrence et 
al., 2008). The sex difference in OHRQoL experience seems to be complex and may 
be due to life course influences that are different for males and females (Mason et al., 
2006). 
 
The current study found the mean OHIP-14 scores and prevalence of OHIP-14 
impacts were higher for Māori recruits. In the domain of “functional limitation”, 
Māori recruits had significantly higher prevalence of impacts and were more than 
three times likely to report impacts than non-Māori recruits. After controlling for 
confounders, Māori recruits also had higher mean OHIP-14 scores across all domains 
than their non-Māori counterparts, and the differences reached the significance 
threshold for the domains of “functional limitation”, “physical pain”, and “social 
disability”. There are limited data on the OHRQoL of young Māori adults in New 
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Zealand; what we do have is from the 2009 NZOHS, and unfortunately these data 
were not reported by the age group categories. The 2009 NZOHS found after 
adjusting for age and sex that Māori were 1.6 times more likely than non-Māori to 
experience one or more OHIP-14 impacts (Ministry of Health, 2010a). Similar to this 
study, the 2009 NZOHS showed Māori ethnicity discrepancies in the prevalence and 
severity of OHIP-14 impacts, suggesting the impact of poor oral health on OHRQoL 
is more severe for Māori (Fuge, 2012).  
 
The OHIP-14 has not been widely validated for use among Māori. Broughton et al. 
(2012) measured OHRQoL using the OHIP-14 in a convenience sample of adolescent 
Māori in Tainui rangatahi, and found that just over one-third of participants had 
experienced one or more OHIP-14 impacts. Although the findings of their study 
cannot be generalised due to the convenience sampling method, the study did show 
the concurrent validity of the OHIP-14, using the global question. Another recent 
study by Broughton et al. (2020) found that the mean OHIP-14 scores fell from 22.6 
to 9.5, a large effect size of 0.8, after providing comprehensive dental care to tāngata 
whaiora (Māori mental health patients). Although this study had a small sample size 
and only 53% completed the follow-op OHIP-14 survey (not unexpected, given the 
vulnerable nature of the participants), the large effect size shows how much dental 
care can impact positively on quality of life in New Zealand’s most vulnerable Māori. 
The current study helps by adding to the literature and validation of the OHIP-14 in 
young adults, including Māori young adults, in New Zealand. 
 
In contrast to both the 2009 NZOHS and DMHDS, the current study did not find 
many differences for SES measures on OHRQoL. This is most likely due to the 
previously mentioned reasons regarding the difficulties in accurately measuring SES 
in this age group. The only exception was for the subscale “physical disability”, 
where the mean OHIP-14 scores were higher for the vocational/trade category in the 
educational SES measure. Interestingly, this group also had one of the highest levels 
of untreated dental caries and missing teeth due to dental caries, which is likely to be 
a contributing factor to their poorer OHRQoL. Further research, such as qualitative 
interviewing into the reasons why they have poorer oral health, would be helpful to 
identify whether this is a target group that the NZDF could provide more preventive 
dental care to. 
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In the 2009 NZOHS, the clinical conditions that were found to have a negative impact 
on OHRQoL were decayed or missing teeth, periodontitis, and xerostomia (Fuge, 
2012). Lawrence et al. (2008), in the DMHDS at age 32 years found that dental caries 
and periodontal disease experience was associated with functional and psychosocial 
impacts in the OHIP-14. At the same assessment age in the DMHDS, Thomson et al. 
(2006b) found that 10% of participants were affected by xerostomia and that had 
marked negative effects on the participants’ OHRQoL. In the current study, the mean 
OHIP-14 scores for recruits with periodontitis were higher across all OHIP-14 
domains, but this did not meet the statistical significance threshold, most likely due to 
the low number of recruits with periodontal pocketing. There was, however, an 
association between OHRQoL and dental caries, with recruits with dental caries 
experience having a 1.2 higher mean OHIP-14 score and more impacts than those 
who had no dental caries. The mean OHIP-14 score was 1.9 scale points higher (on 
average) for recruits with untreated dental caries and 6.3 scale points higher for 
recruits with missing surfaces due to dental caries. After controlling for confounders, 
the number of decayed teeth, remained associated with the overall OHIP-14 score, 
with that score higher by 5% for every additional decayed tooth; for the “handicap” 
domain, the score was higher by 11% for every decayed tooth. The strong relationship 
between the dental conditions (in particular dental caries) and the OHIP-14 measure 
provide concurrent criterion validity for the use of the OHIP-14 as a subjective 
measure of oral health in this study. 
 
After controlling for confounders in the negative binomial regression model, the 
recruits who were routine users had lower OHIP-14 scores overall (Incidence Rate 
Ratio = 0.71 (P<0.001)) and in all seven domains. This was in contrast to those who 
had visited a dental professional in the last two years, who had higher OHIP-14 scores 
and impacts. This finding of routine users having better oral health and OHRQoL is 
consistent with the literature (Thomson, 2001; Carvalho et al., 2015). Thomson 
(2001) found in the DMHDS at age 26 years, that those who used dental services 
when they had a problem had higher dental caries experience. The DMHDS at age 32 
years found that episodic users of dental care were more likely to report severe 
impacts, with the odds ratio being 3.2 for males and 3.9 for females (Lawrence et al, 
2008). A large study of young adults in Belgium also found those whose normal 
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reason for visiting was for regular check-ups (OR = 0.48, p=0.008) was associated 
with a lower OHIP-14 severity (Carvalho et al., 2015). There are at least two 
scenarios that may account for this observed pattern: (1) by going for routine dental 
visits any dental problems are being identified early, and more preventative and 
minimally invasive treatment given and thereby avoiding more invasive dentistry, or 
(2) that the people who are routine dental visitors are more likely to have behaviours 
that lead to better health, such as better oral hygiene and diet practices that lead to 
having less dental problems. Crocombe et al. (2013) found that the OHRQoL was 
better in ADF personnel than the general Australian population, and even better than 
those in the general population with good access to dental care and good self-reported 
general health. So, while access to dental care was a contributing factor, there were 
most likely other factors such as the compulsory nature of ADF personnel having to 
take advantage of the dental services to maintain their dental fitness at play. 
 
5.3. Future Research 
5.3.1. Recommendations for Future Similar Studies 
It would be valuable to repeat this study using the same methods and sampling in the 
future to identify changes in the development and pattern of dental caries. Although 
the study data cannot be generalised to the general population of New Zealand, they 
may be able to give insights into dietary changes, dental care delivery and 
social/economic policies’ effects on oral health in young adults in New Zealand. 
 
If the study were to be repeated, the suggestions below should be considered. 
• Inclusion of a question on the appearance of teeth/mouth, such as “In general, 
how satisfied are you with the appearance of your teeth, mouth or denture?” 
This would be interesting as the prevalence of impacts was highest in the 
domain “psychological discomfort”, at about one in ten recruits.  
• During the dental examination, the maxillary anterior six permanent teeth could 
be assessed for trauma, similar to what was reported in the 2009 NZOHS 
(Ministry of Health, 2010a). Teeth that showed evidence of trauma and that had 
a positive history of trauma as reported by the recruit, could then be classified 
according to level of trauma and any treatment provided to repair or replace 
these teeth. When doing the data entry from the clinical chart it was noticed that 
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there were a number of anterior restorations and endodontic treatments that 
were most likely from trauma, and therefore not included in the DMFT/S data. 
As the consequences of dental trauma in childhood persist throughout an 
individual’s life, it would be interesting to see whether previous dental trauma 
had any effect on the recruits’ OHRQoL.  
• Inclusion of a Dental Anxiety Scale in the questionnaire. The DMHDS has 
shown that dental anxiety is associated with a number of oral health 
consequences; such as those with high dental anxiety experience the greatest 
dental caries experience (Thomson et al., 2009). It would be informative to 
explore the occurrence of dental anxiety in this population. 
• Inclusion of some sugar consumption, and frequency questions. For example, 
asking the number of sugar-sweetened beverages consumed per day. 
• Change response category of “Tertiary” to “University qualification” for the 
education SES measure. 
• The smoking question could include all types of tobacco and nicotine use, such 
as smokeless tobacco, chewing tobacco and vaping. 
• More information could be asked on the history of smoking for former and 
current smokers, such as length of smoking habit and quantity of cigarettes 
smoked. 
• Inclusion of a question asking whether they had previously had any permanent 
teeth removed, including third molars and orthodontic extractions. This could 
help identify the prevalence of congenitally missing third molars in this 
population. 
• For future surveys of NZDF recruits or personnel, it would be recommended 
prior to the survey starting a two-day course with the examining dentists for 
training and calibration to a reference examiner with replicate patient 
examinations. This would be especially valuable for the PSR and would 
improve the reliability and validity of the findings. 
 
5.3.2. Future Research Projects 
A follow-up survey of this NZDF recruit cohort in 2-3 years would be interesting to 
investigate whether universal access and optimum dental care provided by NZDF at 
no cost to the recruit improves OHRQoL. Given that routine dental check-ups are 
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associated with better oral health outcomes and OHRQoL, this research could help to 
provide insights into why routine dental visiting has this effect.  
 
A retrospective audit to assess the type and rate of dental emergencies while on 
deployment would be helpful for future planning in the NZDF dental corps. All future 
deployments should keep accurate records with standardised criteria developed for 
what constitutes a dental emergency and what treatment was provided. 
 
Most oral health studies of young adults involve people from the armed forces and, 
although valuable, cannot not be generalised to all young adults. It would be 
worthwhile to do a similar study on a representative sample of New Zealand young 
adults, to know what the true state of their oral health is in this under investigated 




This survey is the first ‘snapshot” of the oral health status of NZDF recruits since the 
1950s and provides interesting data on this population. Moreover, studies like the 
present one on this age group are hard to find in New Zealand. This study is valuable 
because it reports clinical findings combined with self-reported factors on a sample of 
young adults from diverse SES and geographical backgrounds in New Zealand. 
Overall, the oral health of NZDF recruits was acceptable and they had better DMFT 
scores than recruits in the 1950s, but a quarter required restorative work and two-
thirds needed periodontal treatment. Potential problematic third molars were common 
necessitating careful assessment (and possible removal) prior to any operational 
deployment. Those with poorer oral health status had worse OHRQoL. This study 
identified sociodemographic, oral health behaviours and oral health conditions that 
significantly influenced the likelihood of NZDF recruits to have adverse effects on 
their OHRQoL. 
 
Future similar surveys would be able to use this data to compare a wide range of oral 
health indicators. It will help the NZDF for its future health service planning, to 
evaluate changes over time, and to monitor progress to health targets and objectives. 
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The dental health of NZDF recruits is not normally used as a screening for 
acceptability for service, but it can determine how quickly recruits can be made dental 
fit for deployment. 
 
The reduction and hopefully elimination of health disparities is an important role for 
public health in New Zealand. Often when talking about groups where there are oral 
health disparities, Māori, Pacific, children, older adults, special care patients, and 
those from high areas of deprivation are mentioned, such as in “Good Oral Health for 
All, for Life: The Strategic Vision for Oral Health in New Zealand” (Ministry of 
Health, 2006). However, the 2009 NZOHS showed that young adults (aged 25–34 
years) had the largest number of surfaces with untreated decay and were less likely to 
visit a dental professional (Ministry of Health, 2010a). The findings of this NZDF 
study reinforce that there are dental caries experience concerns for young adults in 
New Zealand. The study shows an alarming gradient of poorer oral health with 
increasing age (17–18, 19–20, 21–24, and 25+ years), suggesting that young adults do 
experience increases in dental decay and periodontal disease when they finish State-
funded oral health care.  
 
Young adulthood is a time of much change in an individual’s life, which can put good 
oral health habits at risk, and requires special attention from the dental workforce. It is 
a time of life when there may be a limited income and other priorities (e.g. study, 
raising children) making dental care unaffordable for many young adults. Social 
changes in recent decades, such as access to and affordability of higher education and 
the changing labour market, have changed the transition from adolescence to 
adulthood. Young people are staying in school longer, marrying later and are often in 
a semi-dependent state during young adulthood (Johnson et al., 2011).  
 
To further the improvement of the oral health of New Zealanders, an argument could 
be made to extend the publicly funded adolescent oral health scheme to include young 
adults and for targeted oral health promotion. In particular, investing in an oral health 
scheme to improve dental visiting behaviour among marginalised young adults to help 
reduce health inequalities that can lead to poor oral health trajectories though the life 
course. This at-risk group of young adults could include Māori, low income people, 
those with disabilities and those who have young children of their own. Doing so 
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would have the greatest effect on improving oral health and reducing OHRQoL 
impacts for these young adults and may help them to be potentially more successful in 
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Appendix 2: Participant Information Sheet 
 
Study title: The oral health of New Zealand Defence Force recruits and officer 
cadets.       
 
Lead investigator: Dr Kate Naysmith    




You are invited to take part in a study on the oral health of NZDF recruits and cadet 
officers.  Whether or not you take part is your choice.  If you don’t want to take part, you 
don’t have to give a reason, and it won’t affect the care you receive.  If you do want to take 
part now, but change your mind later, you can pull out of the study at any time.   
 
This Participant Information Sheet will help you decide if you’d like to take part.  It sets out 
why we are doing the study, what your participation would involve, what the benefits and 
risks to you might be, and what would happen after the study ends.  We will go through this 
information with you and answer any questions you may have.    You do not have to 
decide today whether or not you will participate in this study. Before you decide you may 
want to talk about the study with other people, such as family, whānau, friends, or 
healthcare providers.  Feel free to do this. 
 
If you agree to take part in this study, you will be asked to sign the Consent Form on page 
6 of this document. If you would like a copy of the Participant Information Sheet to keep 
please detach the first 2 pages of this document after you have completed the Consent 
Form and Questionnaire. 
 
This document is 10 pages long, including the Consent Form and Questionnaire.  Please 
make sure you have read and understood all the pages. 
 
Participant Information Sheet 
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WHAT IS THE PURPOSE OF THE STUDY? 
 
At the moment, we don’t know much about the oral health of the recruits and officer cadets 
entering the NZDF. It is important for NZDF personnel to have healthy mouths, so that they 
can do their jobs properly. This study will help us to look after their mouths better. 
 
The investigators are NZDF Dentists from around New Zealand and a Dentist from Otago 
University. The contact details of the Chief Dental Officer and the Lead Dentist Researcher 
are on page 4 if you have any questions about this study. 
 
 
WHAT WILL MY PARTICIPATION IN THE STUDY INVOLVE? 
 
You have been chosen to take part because you are a recruit or officer cadet (E) entering the 
NZDF between 1 July 2018 and 30th June 2019. You do not have to take part in this study 
and, if you decide not to, it will in no way affect your dental care or NZDF recruitment. 
 
If you decide to take part in the study there will be three parts: 
1. The data from your dental exam and x-rays will be analysed by the researchers. The 
dental examination and x-rays will take approximately 20 minutes and is done by a 
NZDF dentist, and is a normal requirement for entering the NZDF. They will be 
counting and measuring your teeth, and checking for any abnormalities and dental 
decay.  
 
2. A questionnaire. The first five questions will be background questions about you. 
The next several are on how you look after you teeth, your previous dental care and 
your attitude to dental health. The last 14 are on how you feel about your teeth and 
mouth. The questionnaire consists of 30 questions and will take approximately 10 
minutes. These questionnaires will be done at the time of the dental exam. 
 
3. A follow-up questionnaire after dental treatment or at your 12 month dental 
examination. This will repeat the questions on how you feel about your teeth and 
mouth. 
 
WHO PAYS FOR THE STUDY? 
 
You will not be paid anything beyond your normal salary for the participation in this research.  
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WHAT ARE THE POSSIBLE BENEFITS AND RISKS OF THIS STUDY? 
 
Some possible benefits of this study are that you will have a dental screening x-ray and a 
general dental check-up, which may help us pick up any problems with your teeth. We will be 
able to advise you if you should seek further dental care. 
 
As with any medical imaging, the dental x-rays does use ionizing radiation, but this is very 




WHAT ARE MY RIGHTS? 
 
This is a voluntary study; you are free to decline or withdraw from the study at anytime without 
affecting your dental care. If you choose to participate, you have the right to access any 
information collected about you as part of this study. As a participant, you will be told of any 
new information on adverse or beneficial effects related to the study that becomes available 
that would have an impact on your health. 
 
All information collected from your medical records, questionnaire, dental examination and x-
ray will be stored on a password-protected computer. No identifying information of yours will 




WHAT HAPPENS AFTER THE STUDY OR IF I CHANGE MY MIND? 
 
We would like to store your data indefinitely, because there may (depending on the findings of 
this study) be a second study where this data is compared to future NZDF recruits and officer 
cadets. This data would be stored on a password-protected computer and would be the 
responsibility of the Chief Dental Officer, Dr L Foster Page. Any information stored about you 
would be stored under your Service Number and not your name. 
 
 
At the completion of the study, if you would like, we can post you a summary of the findings of 
this study. We hope to do this by August 2020. The results of the project may be published 
and will be available in the University of Otago Library (Dunedin, New Zealand) but no 







WHO DO I CONTACT FOR MORE INFORMATION OR IF I HAVE CONCERNS? 
 
If you have any questions, concerns or complaints about the study at any stage, you can 
contact:  
 
 Dr Kate Naysmith 
 Dentist 
 Phone: 021 0307603 
 Email: nayka037@student.otago.ac.nz 
 
 Dr Lyndie Foster Page 
 Chief Dental Officer NZDF 
 Phone: 027 2752774 
 Email: Lyndie.FosterPage@nzdf.mil.nz 
 
The Department of Oral Sciences at Otago University and the Health Service Research Group 
of the New Zealand Defence Force has approved this study. However, if you have any 
concerns about the ethical conduct of the research you may contact the NZDF Health Service 
Research Group by email (OrgResearch@nzdf.mil.nz). Any issues you raise will be treated in 






Appendix 3: Consent Form 
Consent Form       
 
Study title: The oral health of New Zealand 







Please tick to indicate you consent to the following 
 
I have read, or have had read to me in my first language, and I 
understand the Participant Information Sheet.   
Yes  No  
I consent to the data from my clinical dental examination and 
dental radiographs to be used in this study. 









I have been given sufficient time to consider whether or not to 
participate in this study. 
Yes  No  
I have had the opportunity to use a legal representative, whānau/ 
family support or a friend to help me ask questions and 
understand the study. 
Yes  No  
I am satisfied with the answers I have been given regarding the 
study and I have a copy of this consent form and information 
sheet. 
Yes  No  
I understand that taking part in this study is voluntary (my choice) 
and that I may withdraw from the study at any time without this 
affecting my dental care. 
Yes  No  
I consent to the research staff collecting and processing my 
information, including information about my health. 
Yes  No  
If I decide to withdraw from the study, I agree that the information 
collected about me up to the point when I withdraw may continue 





If you need an INTERPRETER, please tell us. 
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I understand that my participation in this study is confidential and 
that no material, which could identify me personally, will be used 
in any reports on this study. 
Yes  No  
I know who to contact if I have any questions about the study in 
general. 
Yes  No  
I understand my responsibilities as a study participant. Yes  No  
I wish to receive a summary of the results from the study. Yes  No  
 
         
 
 
Declaration by participant: 
I hereby consent to take part in this study. 
 
Participant’s name: 







Declaration by member of research team: 
 
I have given a verbal explanation of the research project to the participant, and have 
answered the participant’s questions about it.   
 



























Thank you for agreeing to take part in this study. Please answer all the questions. When you have 
completed the questionnaire, please give the questionnaire to the dentist examining you today. 
 
The first section of this questionnaire will ask you about some background information. Next there is a 
section that includes a number of questions about your general dental health, followed by a few questions 
about the effect of dental problems on your daily life. 
 
Principal investigator:  Dr Kate Naysmith (Postgraduate student) 
    Department of Oral Sciences 
    The University of Otago 
 
Under the supervision of: Professor Murray Thomson 
    Department of Oral Sciences 
    The University of Otago 
 
NZDF Sponsor  Dr Lyndie Foster Page 
    Chief Dental Officer 
    New Zealand Defence Force 
 
For information from the researchers about any part of this study, please phone Dr Kate Naysmith on  
021 0307603 or Dr Lyndie Foster Page on 027 2752774. 
 
 
NZDF Service Number: ______________________________________ 
(please write your service number here) 
  
 133 
First, we would like to ask a few questions about you (background information): 
 
1. How old are you? _________ years 
 
2. What is your gender? (please circle the answer which applies)  
Male Female 
3. What ethnic group(s) do you identify with? (please circle all which apply)  
NZEuropean Māori Cook Island Māori Samoan  
Tongan Niuean Chinese Indian 
other (please specify) ________________________________________________ 
4. What was your occupation before joining the NZDF? (please write in the space below) 
 
___________________________________________________________________  
5. What is the highest level of education you attained? (please circle the answer which applies) 
Primary school Secondary school Trades qualification Tertiary  
The next few general questions are about your dental health: 
 
6. What is your usual reason for visiting the dentist? (please circle the answer which applies) 
Check-up Problem Never go Don’t know 
7. When was the last time you visited the dentist? (please circle the answer which applies) 
 
Less than 1 
year ago 
Between 1 and 
2 years ago 
Between 2 and 
5 years ago 







8. What was the reason for that last dental visit? (please circle the answer which applies) 
Check-up Pain Broken filling/tooth Gum problems Denture problems  
Other (please specify)______________________________________________________ 






10. How often do you brush your teeth a day? (please circle the answer which applies) 
 
Less than once  a 
day 
Once a day Twice a day 




11. How often do you brush between your teeth (using dental floss, dental tape, an interdental brush, or   





A few (2-4) times 
a month 
A few (2-6) times 
a week 
Once or more 
times a day 
Don’t know 
 
12. Do you smoke? (please circle the answer which applies)    
Yes Previous smoker         Never smoked 
13. How would you describe the health of your teeth or mouth? (please circle the answer which applies)    
 
Excellent Very good  Good Fair  Poor 
14. All things considered, would you say that, over the past year, the health of your mouth has: (please 
circle the answer which applies) 
 
Improved  Stayed the same        Got worse  









important at all 
Don’t know 
 









important at all 
Don’t know 
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The next set of questions are about how oral problems can affect your life.  
For each of the following questions, please circle the answer which best applies to you during the 
last year. 
 
Because of trouble with your teeth, mouth or dentures:  
 










      










      








      










      








      








      








      








      








      








      










      








      










      








       
 
